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Biofouling on recreational yachts is an important vector for marine invasive alien species 
(MIAS) in many countries. There are various characteristics of a vessel that make it more 
susceptible to hull fouling. Yachts in three Western Cape marinas were surveyed to assess 
extent of fouling, hull maintenance patterns, travel history and yacht-owner awareness of 
MIAS issues. Of 548 yachts inspected from the waterline, 62% exhibited secondary 
fouling, as evaluated using an ordinal ranking scale. A subset of these yachts (n=60) was 
selected for further investigation. Yacht-owner questionnaires revealed that 50% of all 
yachts had had fouling control coating (FCC) re-applied in the last 12 months. In 54% of 
the cases, the owners painted the yachts themselves. The age of the FCC was correlated 
with the waterline inspection ranking scale. The majority (83%) of yacht-owners also 
cleaned their boats while in the water, in between FCC applications. The average fouling 
composition of a yacht displaying secondary fouling included ascidians (71% of fouling), 
crustaceans (16%), algae (6%) and other taxa (7%). Both introduced and cosmopolitan 
species were identified in the biota collected from local and foreign yachts. Yacht-owners 
seemed aware of bioinvasions, however few had considered them in a marine context, 
identifying terrestrial examples more readily. The majority thought that the introduction 
of MIAS could potentially have an economic impact on South Africa. These results have 
implications for biosecurity in the Western Cape. It is likely that the yachts surveyed are 
not using an appropriate FCC for their vessel profile (based on speed and sailing 
frequency). This shows that there is a definite need to increase awareness in the yachting 
fraternity. Mitigation of the bioinvasion risk via yacht hull fouling requires the support of 
biosecurity legislation. South Africa is party to several international conventions 
regarding invasives, but in order for these to be legally binding, there must be equivalent 
national legislation. The most promising existing law is the National Environmental 
Management Biodiversity Act 2004 (NEMBA), although this is weak on marine 
legislation. NEMBA is currently in the process of being revised, and will in future require 
strict enforcement. Several other nations have established biosecurity teams with the sole 
mandate of bioinvasion management. For example, Australia has developed a border 
control protocol for yachts plying internationally, which assesses the extent of hull 
fouling visible from the waterline, checks vessel documentation and, if necessary, 
quarantines the yacht. The incorporation of management tools, such as Risk Assessment, 
into such protocols is essential. The majority of yacht-owners surveyed in the Western 
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CHAPTER 1: LITERATURE REVIEW 
 
The movement of non-indigenous species (NIS) is having severe and increasing 
impacts around the globe. An NIS is a species that spreads and becomes established 
outside its natural range. It is becoming increasingly common for such range 
expansions to result from human activities, such as trade and tourism (whether these 
be intentional or unintentional introductions). The rate of appearance is high, with a 
new marine or estuarine species establishing every 32-85 weeks on average in six 
ports surveyed in the United States, New Zealand and Australia (Hewitt 2003). Not all 
NIS introductions result in „invasions‟ defined by Valery et al. (2008) as “a species‟ 
acquiring a competitive advantage following the disappearance of natural obstacles to 
its proliferation, which allows it to spread rapidly and to conquer novel areas within 
recipient ecosystems in which it becomes a dominant population”. If and when an 
NIS becomes invasive, it can have serious economic, environmental and social 
impacts (Mack et al. 2000). Over a decade ago, it was estimated that invasive 
management programmes cost the United States $137 billion per year (Pimental et al. 
2000a). On a more global scale, taking several other countries into consideration 
(including the costs to South Africa, the United Kingdom, Australia, India and Brazil) 
this figure rises to over US$336 billion (Pimental et al. 2000b) and is highly likely to 
have increased substantially since 2000, as the number of invasive species discovered 
continues to increase worldwide. Also, these figures represent market values and thus 
do not take into account long-term investments. It is highly likely that in addition to 
these figures, an „invisible tax‟ exists, whereby the national economy is impacted by 














cost to fisheries, agriculture and forestry has been estimated to be CDN$13.3 - 34.5 
billion (Colautti et al. 2006).  
 
These invasive alien species (IAS) are widely recognized as one of the biggest threats 
to global biodiversity, along with habitat degradation and climate change (Vitsouek et 
al. 1997). It is estimated that they cause, or contribute to, the decline of half of all 
threatened species in the United States (Wilcove et al. 1998). The marine environment 
is especially under threat, as marine invasive alien species (MIAS) often go unnoticed 
until it is too late, with irreversible consequences (Bax et al. 2003, Coulatti et al. 
2006). Although lagging behind bioinvasion research in terrestrial and freshwater 
ecosystems, marine bioinvasion research is becoming more extensive and insights are 
accordingly being provided into their true status in the ocean and coastal ecosystems 
around the world (Grosholz 2002).  
 
There are both negative and positive impacts associated with MIAS (Bax et al. 2003). 
The negative impacts (in addition to those on the environment) include those on 
human health and economic losses from marine activities, such as fisheries, 
aquaculture and tourism. These can result in job losses, as well as lost opportunity 
costs associated with the financial resources allocated to dealing with alien species in 
terms of personnel, scientific and technical resources. Positive impacts include 
increased employment in fisheries for NIS, as well as in the field of bioinvasion 
research and management. However, these advantages are often misunderstood, as it 















South Africa has a continental Exclusive Economic Zone (EEZ) of approximately 
1,065 million km
2 
and over 12,900 species of marine plants and animals have been 
reported in its waters (Griffiths et al. 2010). Levels of endemicity are very high, with 
33% of the species unique to this country (Griffiths et al. 2010). In 1992, 15 
introduced marine and estuarine species were identified in South Africa, with only 
two of these confirmed as invasive (Griffiths et al. 1992). In 2005, Robinson et al. 
distinguished between introduced (10 species) and cryptogenic (22 species). A 
cryptogenic species by definition, cannot be assigned native or introduced status 
(Carlton 1996). In 2011, this was re-evaluated, with a dramatic increase to 85 
introduced and 40 cryptogenic species (Mead et al. in press a).  
 
Research on MIAS has attracted considerable scientific attention in the last decade. 
However, until fairly recently, the majority of marine bioinvasion research has 
focused on commercial vessels and in particular, the discharge of ballast water 
(Roberts & Tsamenyi 2008). Ballast water has received particular attention 
internationally because of known links to „high profile‟ invaders (Hewitt et al. 2004). 
The Global Ballast Water Management (Globallast) programme, a cooperative 
initiative of the Global Environment Facility, United Nations Development 
Programme and International Maritime Organization, has conducted several surveys 
of commercial ports to establish baseline estimates of MIAS in developing countries. 
There is also ongoing research into treatment plants for ballast water discharge in 
New Zealand (Hewitt et al. 2004), as well as within South Africa (International Ocean 















More recently, hull fouling has been recognized as a principal vector responsible for 
MIAS global movement. Biofouling is thought to have been occurring for hundreds of 
years, although it was largely undocumented before the 19
th 
century. Using a replica 
16
th
 century vessel, Carlton & Hodder (1995) demonstrated the role of slow-moving 
ships (speeds of 4 - 5 knots) with long port residency times, as a global driver of 
change in the marine ecosystem. In South Africa, a study using historical data 
estimated that invasions via ship fouling have been occurring since the 1600s 
(Griffiths et al. 2009). 
 
Hull fouling is now considered a significant unmanaged risk internationally (Godwin 
2003), although previously ignored due to the perceived effectiveness of antifouling 
paints (Minchin & Gollasch 2003). Drake & Lodge (2007) estimated that it was 
comparable in risk to ballast water discharge when quantifying organism abundance. 
Gollasch (2002) found non-native species growing on 96% of ships hulls sampled in 
the North Sea. Hull fouling has been attributed to 28% of all MIAS in the United 
Kingdom (Eno 1996). This can be compared to the 48% of NIS in South Africa that 
are thought to be the result of ship fouling (Mead et al. in press b). 
 
Although commercial vessels are undoubtedly a major vector of MIAS, recreational 
vessels also have a part to play (Wasson et al. 2001; Floerl & Inglis 2005a, Ashton et 
al. 2006a, Darbyson et al. 2009). Both commercial and recreational vessels frequent 
bays, inland estuaries and coastal inlets, so if they are carrying NIS these ecosystems 
(which are often already under pressure from pollution and overfishing) could become 
the most threatened on the planet (Carlton & Geller 1993). Recreational vessels are 














but there have been several studies concerning their role in freshwater invasions 
(Padilla et al. 1996, Johnson & Carlton 1996, Johnson et al. 2001). In terms of MIAS 
introductions, there have been some studies, notably in Australia, New Zealand, North 
America and the European Union, which have focused primarily on this vector (Floerl 
& Inglis 2005b, Ashton et al. 2006a, Mineur et al. 2008, Darbyson et al. 2009).  
 
There are several factors that influence the successful transfer of MIAS on ocean-
going vessels. Source and destination port conditions (biotic, climatic and physical 
structure), vessel characteristics (size, shape, surface, paint type, usage and 
maintenance patterns), and characteristics of the organisms all affect the fouling 
assemblages which accumulate (Floerl 2005). Floerl & Inglis (2003) found that 
recruitment of fouling organisms (with the exception of barnacles) was greater in 
enclosed marinas.  
 
There are so many variables involved in the success of invasion, that it is difficult to 
develop a framework to anticipate and prevent invasions. Wonham et al. (2001) 
recommend investigating the issue at each of the three stages – dispersal, introduction 
and establishment.  
 
Marine pests appear to be sporadic in their distribution, a likely reflection of 
associations with human transport vectors, which suggests that management of the 
vector itself is the most efficient method of control (Floerl & Inglis 2005a, Forrest et 
al. 2009). Compared to eradication and control post-invasion, preventative biological 
security (biosecurity) measures have proven to be less risky, more effective and to 














occur pre-border, i.e. before the MIAS enter the country, and therefore prevent the 
initial introduction. The completion of thorough, rigorous Risk Assessments (RA) 
ensures that every eventuality is considered before the MIAS can become established 
and is a crucial first step in managing marine bioinvasions. An RA is generally 
restricted to either a species or a vector and is usually specific to one location. RA 
ultimately aims to minimize biological invasions by identifying weak links, areas of 
origin, highlighting areas for future research, analysing management options through 
cost/benefit approaches and evaluating the probability of management failure. The 
alternative is the post–invasion response. Several countries (Australia, New Zealand, 
the United States and Canada) have developed „rapid response‟ measures for those 
scenarios where prevention is not enough, and the invasion must be dealt with once 
introduced (McEnnulty et al. 2001, NISC 2003, NEANS 2006, Locke & Hanson 
2009). Biological control of marine invasions is much more risky than terrestrial 
control, so unless a native controller can be used to target the invasive, it should be 
avoided (Secord 2003). Most rapid response systems ultimately aim for complete 
eradication, that is, the removal of all reproductive potential from the population and 
there are several cases of success in this (Locke & Hanson 2009).  
 
One often cited example of a probable yacht-fouling introduction is that of Mytilopsis 
sallei, the Black striped mussel, and a close relative of the notorious European zebra 
mussel, Dreissena polymorpha, which resulted in severe damage to the environment 
(Johnson & Carlton 1996) and economy (Connelly et al. 2007) of the United States. 
The discovery of M. sallei in a yachting marina in Darwin Harbour, Australia during a 
port survey in 1999 incited panic (Bax et al. 2002). The mussel was successfully 














2.2 million and involved 280 personnel. The hulls of vessels inside the marina were 
treated, as well as their internal plumbing to remove any trace (in larval or adult form) 
of the mussel. However, several boats that could have been previously infected had 
already left the harbour when the invasion was detected. These then had to be recalled 
in a nationwide search, which ultimately led to the development of a vessel-tracking 
database, monitored by Northern Territory Police and the Australian Quarantine and 
Import Service (Bax et al. 2002). This system is still in place today and is used to 
monitor the presence of internationally cruising yachts in Australian waters in 
preparation of border arrivals. This will help to prevent future introductions of this (or 
other potentially invasive) species. The mussel introduction was dealt with extremely 
rapidly (within three days), despite requiring amendments to national legislation. The 
urgency of the situation meant that there was insufficient time to undertake a rigorous 
RA. However, a hazard assessment „Infection Modes and Effects Analysis‟ (Hayes 
2002a) was completed which implicated several different transport vectors, including 
biofouling of recreational yachts (both domestic and international) (Bax et al. 2002). 
 
Hull fouling is an incessant problem for all ocean-going vessels. Any growth on the 
hull disrupts the streamlined shape of a vessel, increasing the friction and, as a result, 
slowing the boat down. In order to maintain a constant speed, the boat must increase 
fuel consumption to overcome this additional water resistance and essentially 
becomes less fuel-efficient (Vischer 1928). This has environmental (in terms of 
increased air pollution) and economic implications. Sailing boats are also affected by 
fouling assemblages, as their cruising speed is dramatically reduced by the additional 














particularly vulnerable, as they could then be in danger of running low on food and 
water supplies if this increase in drag causes serious time delays. 
 
In order to mitigate the problems associated with hull fouling, the hulls of most 
ocean-going vessels are treated, either with fouling control coatings (FCC) or 
mechanically (through electrical currents or with hydrodynamic pressure/flow). FCC 
can be based either on a biocide release (anything that attaches is killed by toxic 
chemicals), or fouling release mechanism (the hull is painted with a non-stick material 
which prevents attachment and is self-polishing at high speeds) (URS 2007). In the 
1970s, tributyltin (TBT) compounds used in FCC were shown to cause deformities in 
marine animals and bioaccumulation in the tissues of organisms (Alzieu 1998). As a 
result, the International Maritime Organization (IMO) adopted the International 
Convention on the Control of Harmful Anti-Fouling Systems on Ships (AFS 2001). 
One of the outcomes of this convention was the global ban on the use of TBT in hull 
paints on all ocean-going vessels. This effectively excluded commercial vessels, 
because of the high costs involved with increased maintenance and the financial 
losses while the vessel is unavailable for work (Floerl 2002). With this ban and the 
resulting reduced efficiency of chemical paints, TBT pollution is diminishing (Evans 
et al. 1995). While pollution resulting from the biocides in FCC is of huge concern, 
these only impact locally and will reduce with time. On the other hand, the impacts of 
bioinvasions will continue to increase, as populations thrive unchecked (Lewis et al. 
2004). The issue of hull fouling (and thus rate of bioinvasions) is expected to worsen 
until a more suitable alternative is found (Minchin & Gollasch 2003, Hewitt & 
Campbell 2007). The biocide-containing replacements that have been proposed to 














until the effects are fully realized (Evans et al. 2000, Yebra et al. 2004). Copper is 
another commonly used compound in FCC. It has, however, been shown that many 
fouling organisms have developed a tolerance to this metal, which could aid the 
spread of MIAS (Piola et al. 2009). The most promising non-toxic approach involves 
researching the bioadhesion properties of the fouling organisms to understand how 
they actually attach and then employing that very mechanism to inhibit attachment to 
the hull (Callow & Callow 2002). 
 
The vast majority of recreational vessels today use FCC. Floerl & Inglis (2005b) 
demonstrated a significant correlation between the age of FCC and extent of fouling 
on recreational yachts. However, the owners of recreational vessels (unless they are 
traveling internationally) have less economic incentive than commercial ship-owners 
to maintain their hulls. In addition to this, they travel at slower speeds and spend 
longer moored in marinas, both of which are factors that can allow extensive fouling 
to accumulate (Hewitt et al. 2009a). As a result, these vessels are often more severely 
fouled than commercial vessels and hence underestimated with regards to vector 
strength.  
 
Fouling control coatings have a limited lifespan, whereby they become increasingly 
ineffective, with a greater diversity of fouling assemblages (Coutts 1999). The process 
of anti-fouling is expensive, costing approximately US$1,000 per application, 
including the haul-out fee, paint and labour costs (Minchin et al. 2006). In addition to 
this, hulls are often cleaned, between the FCC applications, in-water by divers or 














from above the waterline. The latter is a cheap and easy option, although not as 
effective at removing fouling, especially around the keel (Floerl 2002). 
 
Legislation can be an effective weapon in the fight against bioinvasions. As invasive 
species do not pay heed to international or regional borders, this is something that 
requires mass co-operation at all political levels. In order to tackle the issue, 
international policy frameworks must be strengthened. In 2000, there were at least 50 
international and regional legal instruments concerning invasive alien species (Shine 
et al. 2000). These are comprised of binding and non-binding laws. 
 
In order to maximize efficacy of the legal system, each nation initially needs to look 
at how the existing policies can be applied to vectors and pathways in their country 
and determine how best they can utilize this legislation. This may be through 
improved enforcement, or by amending agreements. Any gaps that are identified 
should be covered by legislation in multi-lateral agreements (Reaser et al. 2003). 
Also, policies need to be adaptive to react to the feedback from scientists and 
managers on the ground.  
 
New Zealand and Australia, both countries renowned for their advanced biosecurity 
measures, have the most progressive legislation and detection protocols for hull 
fouling of commercial and recreational yachts (only those that are involved in 
international cruising). In South Africa, there is currently no legislation directly 
applicable to hull fouling, although the discharge of ballast water from commercial 














Amendment of existing legislation could result in a suitable framework to address the 
pathway of hull fouling (Roberts & Tsamenyi 2008).  
 
To date there have been no studies of hull fouling on recreational yachts within South 
Africa. Indeed this is the first time this vector has been considered in a developing 
country. Although developed countries are more likely to have the means to fund 
invasive management programmes and higher levels of education to raise awareness, 
developing countries benefit (in this regard) from lower frequencies of international 
trade and tourism and also cheaper labour costs (Nunez & Pauchard 2009). Most of 
the world‟s biodiversity hotspots are located within developing countries (Myers et al. 
2000), so in theory, this should actually be where the majority of the effort and 
resources are directed, if conserving biodiversity were the number one priority issue 
for the world today. To that end, South Africa is one of the few developing countries 
that have comprehensive lists of marine invasive species (although it is more than 
likely an underestimate) (Mead et al. in press b). 
 
Thorough research is required to evaluate the true impacts (both environmental and 
economic) of invasive species in South Africa. Even a developed country such as the 
United States is struggling to get to grips with invasive control. Due to insufficient 
policies and budgets, the United States relies on poorly quantified risk assessments 
and lacks economic incentives to deal with the problem (Simberloff 2006). South 
Africa has many major socio-economic problems to contend with, and invasive 
species may appear insignificant in comparison. However, invasive species do impact 
on society and the economy and if allowed to spiral out of control, these issues will 















This study aims to evaluate whether there is a need for an additional step in the South 
African border control, whereby recreational yachts would be subjected to a risk 
assessment (to assess extent of fouling) on arrival in the country. If such border 
control procedures were implemented, certain species might need to be targeted and 
quarantine could be necessary, with the costs of hull cleaning being borne by yacht 
owners. These procedures would mean higher costs to yacht owners, so should only 
be undertaken in high-risk situations with unacceptable outcomes (Forrest et al. 
2009).  
 
Too often there is a research-implementation gap (Knight et al. 2008) between 
scientists and managers on the ground. With this in mind, this project is designed to 
offer practical measures that could potentially be applied to address the issue of hull 
fouling on recreational yachts entering South Africa from international waters. It is 
essential that these recommendations are in a format which can be easily applied by 
managers working on the ground. Yacht-owners will be questioned as to how they 
feel about various regulatory scenarios currently being trialled elsewhere in the world. 
Their responses will give an idea of how such measures would be received by yacht-
owners in this country, if they were to be imposed by the government. 
 
Given the potential importance of recreational vessels as vectors of MIAS in the 
Western Cape, South Africa, this project aims to ultimately determine whether there 
is a risk associated with fouling of recreational yachts, especially those traveling 
internationally, in the Western Cape (Chapter 2). The current national and 














as well as potential management options, including risk assessment procedures and 
the practicalities of assessing boats on arrival in the country will then be evaluated 














CHAPTER 2. HOW IMPORTANT ARE RECREATIONAL YACHTS IN THE 
INTRODUCTION OF MIAS TO THE WESTERN CAPE, SOUTH AFRICA? 
 
2.1 Introduction 
Recreational yachts have been linked to hull fouling in several countries (Wasson et 
al. 2001, Floerl & Inglis 2005a, Ashton et al. 2006a, Mineur et al. 2008, Darbyson et 
al. 2009). There is some evidence of yachts actually introducing MIAS through 
biofouling, as in the case of the Black striped mussel to Darwin Harbour, Australia in 
1999 (Bax et al. 2002).  
 
There are still many gaps in our understanding of bioinvasions. We are yet to decipher 
the dose-response relationship in terms of marine introductions, i.e. how many 
introductions actually become invasive (Ruiz 2005). However, it is generally accepted 
within the scientific community that the greater the propagule pressure, the more 
likely it is that an invasion will become established (Carlton 1996), although this is 
not guaranteed (Johnston et al. 2009). In the marine realm, a propagule can be an 
adult or larval form of an organism. Propagule pressure can be increased through a 
higher frequency of arrival i.e. more yachts arriving, or a higher release rate from 
each hull (a greater number, or larger and more mature, fouling organisms). The 
reason for infection can be based on several things, from ineffective hull maintenance 
regimes (Floerl 2002) to the design of the harbour itself (Floerl & Inglis 2003). 
 
Floerl (2005) realised the role that vessel characteristics had to play in the 
introductions via hull fouling, especially hull husbandry techniques and the FCC used. 














fouling extent, however, the number of sailing days a vessel undertook was also an 
important risk factor. 
 
Floerl et al. (2005a) used an ordinal rank scale (visually assigning fouling ranks from 
waterline inspections) to assess the extent of hull fouling on yachts arriving in New 
Zealand. This was then calibrated against underwater photographs that demonstrated 
variety and abundance of fouling. The rank assigned from the jetty was found to be 
correlated with the extent of fouling based on the photographs. The authors 
recommended this as a risk based predictive tool for border management of MIAS. 
However, this concordance is likely to be site specific, depending on the clarity of the 
water and also the quality of images taken.  
 
Ashton et al. (2006b) used the ordinal rank scale designed by Floerl et al. (2005a) to 
search ten Scottish recreational boating marinas for seven non-native species. These 
species were chosen based on their known presence in other marinas in the United 
Kingdom. It was decided to retain an open search technique (i.e. with no target 
species in mind) during this study, as there is currently no baseline data for marinas in 
the Western Cape.  
 
The issue of recreational yachts as a vector for marine introductions has not 
previously been investigated in any developing country. The objective of this study 
was to determine the risk of MIAS arriving on yachts into the Western Cape, South 
Africa. This was addressed by looking at the volume of traffic (both domestic and 
international) arriving, assessing several factors which would make a yacht more 














whether they were carrying MIAS. Sampling was also undertaken at different depths 
in the water in order to establish whether waterline inspections gave a representative 




The marinas utilised for this research were in Cape Town (within the city or on the 
Cape Peninsula), Western Cape, South Africa. The three target marinas were the 
Royal Cape Yacht Club (RCYC) in Table Bay, False Bay Yacht Club (FBYC) in 
Simonstown and Hout Bay Yacht Club (HBYC) in Hout Bay (Figure 2.1). The 
marinas vary in the number and the size of yachts they can accommodate (Table 2.1). 
They are also likely to vary in the types of vessels that visit, due to location. 
 
Yacht frequency 
The yacht clubs provided data of resident boats, visiting boats (both domestic and 
international) for an average year, to give an estimate of visitor frequency. 
 
Questionnaire based survey 
A survey was undertaken in three marinas with 20 yachts investigated at each 
location.  Yachts were selected at random, with the only requirement for selection 
being the presence of owners to answer questions. Only the owners of sail-powered 
yachts under 60 feet in length were questioned for purposes of this study, due to the 
















Figure 2.1. Map of the Cape Peninsula showing the location of the three marinas (RCYC, 
HBYC and FBYC) where surveys were undertaken (Digital Map Studios). 
 
 
Table 2.1. Logistical details of each marina surveyed on the Cape Peninsula 
Yacht club GPS co-ordinates Number of moorings Maximum yacht size 
RCYC S 33˚55‟14 
E 18˚26‟33 
425 60 foot 
FBYC S 34˚11‟51 
E 18˚26‟04 
242 66 foot 
HBYC S 34˚03‟07 
E 18˚20‟98 















The questionnaire was developed and then trialled on a subset of yacht-owners (n=5). 
Following modifications based on this initial trial, the official interviewing (n= 60) 
took place from 25 October - 10 December 2010. The final questionnaire had a 
structured format, with a mixture of closed and open questions (Appendix A). 
Questionnaires were completed in person, either on the yacht or in the yacht club. The 
aim of the questionnaire was to characterize the yachts in terms of risk factors, for 
example, origin, hull maintenance practices (hull cleans and application of FCC), 
sailing patterns (both domestic and international travel) and awareness of the issue of 
MIAS.  
 
Waterline inspections and allocation of yacht fouling rank 
Over a course of three days in January 2011, all sailing yachts moored to the jetty 
(swing moorings excluded) in the three marinas were inspected from the waterline. 
The length of the boat on the jetty side was inspected and then ranked according to 
the ordinal rank scale shown in Table 2.2. 
 
Biota collection 
All 60 boats surveyed also had four samples of fouling taken from the jetty side of the 
hull. Two samples were collected from just below the waterline and two from the 
underside of each yacht (at approximately 33% and 66% of the length of the hull). 
Biota were collected using 15x15cm quadrats, hard plastic scrapers and catch bags 
made of fine nylon mesh (0.5 mm). The samples were sorted into broad taxonomic 
groups and after draining external water, wet biomass of each group was measured 





























Ten of the surveyed vessels that exhibited secondary biofouling (3/4/5 on the visual 
rank scale) were chosen for further analysis. The selection was based on the reported 
travel history within the last 12 months (drawn from the yacht-owners questionnaire), 
to include five resident (reporting only local travel) and five internationally travelling 
yachts. The samples collected from the hulls were sorted into taxonomic groups and 
then stored in 70% ethanol. These were further identified to species level (or as high a 
taxonomic level as possible to establish the origin (recorded in terms of indigenous, 
introduced, or cosmopolitan)). 
 
All continuous data were tested for normality and analysed using Microsoft Excel and 
















The annual average number of resident and visiting (domestic and international) 
yachts varied depending on the marina with RCYC experiencing the highest numbers 
of all three categories (Table 2.3). 
 
Table 2.3. Average number of yachts in each marina per year, separated into 
categories of resident, visiting (domestic) and visiting (international). 
 
Marina 
Number of yachts belonging to each category (annual average) 
Resident yachts         Domestic visitors       International visitors 
RCYC 315 34 51 
FBYC 230 30 23 
HBYC 90 40 25 
 
 
A direct approach of face-to-face interviews gave a high response rate of 95%. Of the 
60 boats selected for questionnaires and biota collection, 12 were foreign visitors - 
five from RCYC, four from FBYC and three from HBYC.  
 
Travel history (last 12 months) 
The number of sailing days undertaken over the last 12 months reported by yacht-
owners ranged from zero to 300, with a median of 20 days. Just over half of all yacht-
owners (51%) did not visit any other marinas in the last 12 months. A few (9%) 
undertook short-range journeys (less than 100 km from the home marina) to visit 














marina) were undertaken by 40% of yacht-owners, of which 44% comprised 
international travel.  
 
Hull maintenance 
There was large variation between yachts (n=58) in terms of age of the current FCC, 
with the most recent being two weeks and the oldest being greater than ten years 
(Figure 2.2). Half of all yachts sampled had renewed their FCC within the last 12 
months. Only 21% had FCC less than six months old. However, when asked how 
often they antifouled their boats, owners (n=36) tended to quote shorter time frames 
than their actual FCC age. Of the yachts sampled (n=59) 54% had been painted by the 
owner and the remaining 46% were painted by a professional company. 
 
 
Figure 2.2. Current age of FCC stated by 58 yacht-owners. 
 
 
The age of the current FCC was found not to correlate with the biomass collected 







































However, there was a relationship between the age of the current FCC and the 
waterline ranking (Pearson correlation coefficient r  = 0.596, p  > 0.05) (Figure 2.4).  
 
The majority (83%) of yacht owners said that they manually cleaned the hull in-water 
in between FCC applications. Of these, 24% said that this was done infrequently. The 
majority (72%) had cleaned them in the water in the last six months (Figure 2.5). Few 
(11%) of 45 owners dry-docked their boats (in between FCC applications) as a 
method of hull cleaning.  
 
 Figure 2.3. The age of the current FCC on the yachts in relation to biomass of fouling 
assemblages. Bars represent minimum and maximum values and boxes show the first and 
















Figure 2.4. The age of the current FCC on the yacht in relation to the fouling rank assigned 
during waterline inspections. Bars represent minimum and maximum values and boxes show 
the first and third quartile, with median highlighted in the box. The outlier (labelled as 40) in 
the 4-6 age category was a Brazilian boat which had travelled continuously since FCC 
application. This could explain the extremely low fouling rank, or the anomaly could have 
















Figure 2.5. Time passed since last manual hull clean (in-water scraping, brushing) 
 
Extent of fouling 
Of a total of 548 boats ranked by waterline inspection, 38% had no visible 
macrofouling or primary fouling (rank 0 or 1) and 62% exhibited macrofouling or 
secondary fouling (level 2, 3, 4 or 5 on the rank scale) (Figure 2.6). Amongst the 60 
boats which had their hulls sampled, 65% exhibited secondary fouling.  
 
Figure 2.6. The number of yachts at each marina (HBYC, FBYC and RCYC) associated with 
level of fouling based on waterline ranking scale (with 0 being no visible fouling and 5 being 


































































The yachts (n=39) noted as displaying secondary fouling from the waterline 
inspections were analysed for the fouling assemblage composition. On an average 
boat with secondary fouling, ascidians comprised the most common fouling group 














Figure 2.7. Average composition by mass of fouling assemblage on a vessel exhibiting 
secondary fouling. 
 
The biota collections from foreign and local yachts contained indigenous, introduced, 
and cosmopolitan species (Table 2.4). All introduced species sampled have previously 
been recorded in South African waters (Mead et al. in press b). No cryptogenic 























Table 2.4. Specimens collected from five local yachts and five yachts that had been travelling 
internationally in the last 12 months (and their indigenous, cosmopolitan or introduced status) 

























































































Table 2.4 continued 

















Five of the yachts (50% of those which had biota identified) contained introduced 
species, four of which were local boats that had not travelled internationally within 
the last 12 months. The majority (70%) contained cosmopolitan species. 
 
MIAS awareness 
When asked to name an IAS, 53 yacht-owners (88.3%) answered correctly, six (10%) 
were unable to do so and one person gave an incorrect answer. Of those who 
answered correctly, 54.7% listed a terrestrial species, 37.7% gave marine examples 
and 7.5% named a freshwater species. More than half of respondents (55 %) thought 
that marine invasions could potentially be an issue for South Africa. 
 
The majority (80%) of respondents thought that MIAS had a negative effect on the 
local flora and fauna (Table 2.5). Likewise, 73% of respondents thought that the 
introduction of MIAS would have an economic impact on the destination country. 
However, there was more uncertainty about MIAS causing social and cultural impacts 
















When asked how important various factors were in determining hull maintenance 
patterns, cost, speed and preventing damage to the yacht seemed most important 
(Table 2.6). Preventing the spread of MIAS seemed to vary in importance, with a lot 
of yacht-owners admitting that they had never considered this before the interview. 
 
 


























Do MIAS have a positive 
impact on the local flora & 
fauna? 
26 17 14 3 0 
Do MIAS have a negative 




1 11 18 30 
Do MIAS have an economic 
impact on the destination 
country? 
0 2 14 31 13 
Do MIAS have a social & 
cultural impact on the 
destination country? 














Table 2.6. Responses by yacht owners to various factors in terms of how important they are 
and as a result how much it affects the frequency of hull maintenance. 
 





Unimportant Impartial Important Very 
important 
Fuel efficiency 8 11 8 15 18 
Cost 0 13 3 23 21 
Speed 2 7 3 21 27 
Aesthetics 5 11 7 27 10 
Prevent damage to 
the hull, motor, 
propellers 
0 11 2 17 30 
Prevent spread of 
MIAS 





Of the three clubs surveyed, RCYC receives the majority of international recreational 
yacht traffic arriving in the Western Cape each year. Domestic travel seems to be 
more evenly spread amongst the clubs. This may be because RCYC is closer to the 
centre of Cape Town, so international visitors have more opportunities to explore the 
sights. Also, many international sailing races pass through RCYC, for example the 
Heineken sponsored „Cape to Rio‟ race left from RCYC in January 2011. There are 
six registered Ports of Entry for sailing yachts entering South Africa through the 
Western Cape, including RCYC, FBYC and HBYC. Therefore it might in theory, be 
easier to control the number of introductions, or propagule pressure, by prioritising 















Just over half of all yacht-owners (51%) did not visit any other marinas in the last 12 
months. Given that 41% of yacht-owners undertake long-range journeys regularly, if 
they were carrying MIAS, the risk of secondary spread is a cause for concern. Lodge 
et al. (1998) found that the domestic travel of a yacht within a country would 
determine the ultimate impacts (both economic and environmental). Floerl et al. 
(2005a) refer to boats that visit other marinas on a regular basis as demonstrating 
promiscuity, as opposed to fidelity, whereby only short-range journeys close to the 
home marina are undertaken. The authors found that in New Zealand, the majority of 
yachts demonstrated promiscuous travel behaviour. Busier ports (transport hubs) such 
as Ports of Entry were 75% more likely to be infected by bioinvasives (Floerl et al. 
2009). Any domestic travel from these could potentially be high-risk. It could be that 
commercial ships (trading across borders) introduce MIAS, with the smaller 
recreational vessels moving within a country then spreading it (even though they may 
never have travelled internationally themselves). Stepping stone invasions have been 
shown to occur with species „jumping ship‟ between different vessels. Apte et al. 
(2000) demonstrated that Mytilus galloprovincialis arrived on the battleship, USS 
Misouri, in Hawaii and was discovered three months later in ballast tanks of a 
submarine moored in the same harbour. MIAS have also been found in coastal 
regions that are not frequented by international shipping (Wasson et al. 2001). The 
authors identified intraregional transport of recreational boats as a potential source of 
MIAS introduced to an estuary in California.  
 
Of the ten yachts which had hull samples taken, the local boats were more likely to 














Floerl et al. (2005a) found a high similarity between biota collected on foreign and 
resident yachts in New Zealand. However, the introduced species identified in the 
current study, are already established in South Africa, so are in essence part of the 
flora and fauna in the Western Cape (although not native). In these ten samples, no 
new introduced species were recorded for South Africa (although several species were 
unidentifiable). Local boats containing NIS may have been colonised from 
populations already established (via previous yacht introductions) in the marina 
habitat, such as the pontoons or ropes. From there, they could have spread to 
adjoining vessels. Alternatively, as this study questioned owners on travel only within 
the last 12 months (and at least half the boats hadn‟t been antifouled in this time 
frame), these vessels may have travelled internationally over a year ago and collected 
fouling then, which may have still been present on the hull during sampling.  
 
It should be noted that nearly all yacht-owners (informally) claimed that it would be 
foolish to undertake international travel with a heavily fouled vessel. However, a 
vessel does not necessarily need to be heavily fouled to contain MIAS. The concern 
should perhaps be directed away from quantity of fouling to quality of fouling, with 
an emphasis on certain problematic species, as these could be slipping through the 
borders unnoticed on an otherwise clean yacht hull. 
 
Hull maintenance 
Given that half of all the boats sampled had FCC that was less than 12 months old, 
one would expect the extent of secondary fouling to be lower than the observed 62%. 
However, the relationship between biomass of fouling and age of FCC was not clear. 














number and duration of voyages. Or it may be a result of the limited sample size 
which did not allow for significant comparisons. However, the waterline inspections 
did seem to be correlated with FCC age. These took the entire length of the hull into 
account (although the deeper portions of the hull were not visible). Floerl et al. 
(2005a) found that the age of the FCC was the best predictor of fouling extent. They 
surveyed 920 yachts in New Zealand, of which 51% had FCC applied more than nine 
months previously. A quarter of these had not been painted for more than 18 months. 
If antifouling paint age is indeed a risk factor linked to fouling intensity, it should be 
prioritised for action, making for more cost-effective biosecurity.  
 
Given that the majority (just over half) of all yacht-owners questioned stated that they 
applied the FCC themselves, it can be assumed that this reduces the effective lifespan 
of the FCC as they are unlikely to follow manufacturer‟s guidelines as closely as 
professionals. A FCC can be considered effective if it meets the following three 
conditions (URS 2007):  
 
1. If it is suited for the vessel use and speed; 
2. If it is applied as per the manufacturers guidelines; 
3. If it is well maintained for the effective lifespan set by the manufacturers. 
 
Manual hull cleaning seemed to be a controversial maintenance decision. Many 
owners surveyed voiced concern that manual cleans seemed to take a layer of paint 
off and only succeeded in encouraging re-growth of fouling assemblages. Despite 
this, the present study showed that 83% of yacht-owners clean their hulls (either 














in the last six months. In comparison, 54% of Australian yacht-owners clean their 
hulls in between FCC applications (Mineur et al. 2008) and in New Zealand, 53% 
yacht-owners reported cleaning their hulls in the past six months (Floerl et al. 2005b). 
A study in New Zealand showed that hull surfaces which were manually cleaned and 
then returned to the water attracted up to six times more fouling than surfaces which 
were manually cleaned, then chemically sterilised (as would be the situation during 
the reapplication of antifouling) before being launched (Floerl 2002). In addition to 
this, the manual scraping of hulls is likely to initiate spawning of some organisms, as 
well as releasing live biota into the sediment below (Minchin & Gollasch 2003). 
 
The relatively low number (11%) of yacht-owners who dry-docked their boats in 
order to clean the hull was similar in quantity to those found in the AQIS study (URS 
2007). This is to be expected, as the costs of dry-docking are extremely high for a 
regular clean. However, cleaning the boat while it is dry-docked is more efficient than 
any in-water technique (Floerl 2005, URS 2007). 
 
A few countries (the United States and Australia among others) have placed 
restrictions on in-water hull husbandry (Hopkins & Forrest 2008). This is based on 
the premise that biosecurity risks are increased when hulls are cleaned in the water. 
There is little scientific evidence behind this claim though, especially in terms of level 
of risk compared to leaving an un-cleaned vessel in the water.  
 
Extent of fouling 
The majority (62%) of yachts inspected from the waterline displayed some form of 














5). Many of these boats were either live-aboards (with owners using them as a home 
and rarely sailing them out of the marina), or in a state of disrepair (with the clubs 
reporting not having seen the owners for a long time). However, despite this high 
level of fouling, sampling took place over a very short time period and occurred at the 
start of the racing season, when many of the boats were being dry-docked to have 
their hulls re-painted and maintenance in-water is occurring more regularly. 
Therefore, if anything, the results from this study err on the conservative side. 
 
During sampling it was observed that there were certain areas of the yacht, below the 
waterline and outside the stratified sample areas of the hull, that demonstrated high 
levels of secondary fouling, relative to the rest of the hull. Around the waterline, 
many yachts had a belt of Enteromorpha sp., especially on the side that experienced 
the maximum sunlight hours, a well-known phenomenon on vessel hulls worldwide 
(Pyefinch 1950). This is known as niche fouling. It is most likely to occur on the 
following areas (in order of decreasing likelihood): seawater inlet/outlet ports, grills 
and rudder edges, anodes, keel foot and propeller shaft. This indicates the importance 
yacht-owners place on keeping the hull maintained for aesthetic and hydrodynamic 
reasons, as opposed to preventing spread of MIAS. These results are similar again to 
the findings of the AQIS database in Australia (URS 2007). In addition, areas on the 
hull itself were sometimes badly fouled. These were likely to have been the dry-
docking support strips – the areas on the hull that are supported by beams when the 
boat is dry-docked. Coutts (1999) found that 89% of fouling taxa occurred within 
these areas on commercial ships, which could cover up to 20% of the submerged hull. 
However, the ratio is observed (although not directly measured) to be lower on 














support when dry-docked. Also other pieces of yachting equipment, such as fenders 
and ropes, which are semi-submerged in the water, could have the potential to harbour 
MIAS (Mineur et al. 2008). These would be interesting areas for further research.  
 
Although MIAS were identified from the biota collection, the presence of NIS does 
not necessarily translate into a bioinvasion. There are so many factors involved in a 
successful invasion, not every introduction leads to establishment and subsequent 
invasion. In order to succeed, invaders must not only survive initial transport, but also 
overcome abiotic and biotic factors in their new environment. The dose-response 
relationship is currently unknown, and is expected to be even more complex for 
multiple species introductions, as is the case here (Ruiz & Carlton 2003).  
 
MIAS awareness 
Awareness is a crucial element in the fight against bioinvasions. Only 33% of 
respondents could give an example of a marine invasive and 45% of those 
interviewed did not think that marine invasives could be an issue. This demonstrates 
that there is a pressing need to raise awareness of these issues within the yachting 
fraternity. Invasives have been discussed in the media recently in the Western Cape, 
but with a focus on terrestrial species, one example being the conflict between fynbos 
and invasive alien plants all over the Peninsula, which is addressed by Working for 
Water (Le Maitre et al. 2002). Boshoff et al. (2008) found that following a 
questionnaire and interview process, the majority of visitors (who generally are more 
aware of conservation issues) to a South African game reserve had limited 















Often the wording of questions in questionnaires can affect the answer given 
(Sterngold et al. 1994), which may well have been the case here. Questioning a 
respondents concern or importance placed on a subject can often lead to overstated 
results, as the respondents feels they should be concerned with the issue. 
 
A similar study in France and Spain showed that the majority of yacht-owners were 
aware of the problems associated with MIAS, in particular the species impacting their 
region, in this case Caulerpa taxifolia and Sargassum muticium. In New Zealand, the 
public has actually been enlisted to help with biosecurity matters. There have been 
several campaigns highlighting „unwanted organisms‟ and a hotline has been 
established that the public can call to report sightings (Savarese 2005). This kind of 
strategy might work well in South Africa, in a similar public participation programme 
to the „Red Tide Hotline‟. In addition to this, the yacht clubs have requested that the 
findings of this study be presented to club members in a public presentation, as well 
as the production of a poster highlighting the results. This demonstrates an interest in 
the subject and recognition of the urgency involved. 
 
As well as tackling the yachts themselves, marina managers should be encouraged to 
maintain the pontoons and vertical pilings that are used to stabilise walkways more 
regularly. These have been found to act as reservoirs for MIAS (Arenas et al. 2006). 
In addition to this, there are often obsolete or neglected yachts in marinas that are 
very heavily fouled (personal observation). Mineur et al. (2008) recommend that 


















Given the importance of hull fouling as a vector for MIAS in the Western Cape 
(Chapter 2), action must be taken to prevent this continuing. The practicality of this 
requires an evaluation of the current legislation applicable to MIAS in South Africa 
and a review of management strategies (including risk assessment and border control 
protocols) used elsewhere in the world. 
 
Legislation has proved to be useful and necessary in the management of bioinvasions, 
whether it be on an international or regional scale, and whether the regulations are 
binding or non-binding. Legislation needs to be effective in enforcing preventative 
and remedial action, accounting for present and potential threats. Biosecurity policies 
should:  
1) Ensure that new introductions are prevented from taking place, by prohibiting 
or restricting certain activities. 
2) Provide practical advice on how to control existing NIS (Bax et al. 2001). 
 
This chapter will deal only with prevention of future introductions, as it is deemed the 
most effective.  Only when it is unsuccessful should eradication and control be 
implemented (Chapter 1).  
 
Terrestrial legislation regarding invasive species is much more developed than the 
marine equivalent, on both the international and domestic fronts (Hewitt et al. 2009). 
This chapter presents a review of the current legislation applicable in South Africa 
pertaining to the prevention of vessel hull fouling and thus the spread of MIAS. In 
addition to this, legislation enforced elsewhere in the world (specifically those laws 
implemented in Australia, New Zealand and the United States) will be reviewed to 
determine the best available practices and to assess the practicality of implementing 














in the form of a questionnaire, in order to establish the potential level of acceptance of 
the proposed regulations if they were to be applied to South African borders.  
 
Recognition of capacity limitations and low levels of awareness warrant the need for 
an amenable, user-friendly approach for law enforcers and managers on the ground. 
To make this possible the efficacy produced by different assessment methods must be 
compared. In this case, waterline inspections will be compared to biota collections to 
show whether they can be used as a representative measure of biofouling. 
 
An additional component of MIAS management is the crucial role of risk assessment 
(RA). In order to quantify all the risks involved with a vector and thus implement 
effective management action, an RA is essential. Risk Assessment has huge potential 
as a tool in preventing biofouling introductions. Some countries (for example, 
Australia) use them to assist border inspectors in prioritizing „high risk‟ yachts, based 
on yacht hull husbandry, travel history and previous compliance with biosecurity 
measures (Hewitt & Campbell 2007). This study aims to identify the most suitable 
RA framework to address yacht biofouling in South Africa. 
 
3.2 South African legislation 
Despite having some excellent environmental policies in theory, South Africa has few 
regulations related directly to invasive aliens. South Africa is signatory to several 
international treaties. However, in order for these laws to be binding on the individual 
citizen or corporation, they need to be reflected in domestic laws. Unfortunately, this 
is rarely the case and thus the international legislation is simply a recommended code 
of conduct and not mandatory (Richardson et al. 2003). One of the biggest issues with 
all South African legislation is enforcement, which is limited by resources (financial 
and qualified personnel) and therefore weakens policies. Responsibility and 
accountability for implementation and enforcement needs to belong to one agency 















Generally, marine invasion legislation falls into three categories: laws with general 




The South African Marine Living Resources Act (18 of 1998) Regulation 68 could 
potentially cover the introduction of MIAS on yachts, as it prohibits the release of 
“fish” into South Africa without a permit. Here “fish” is defined as “the marine living 
resources of the sea and the seashore, including any aquatic plant or animal…..and 
any mollusc, crustacean, coral, sponge, holothurian or echinoderm, reptile and marine 
animal, and includes their eggs, larva and all juvenile stages, but does not include 
seabirds and seals”. However, this seemingly strict legislation is difficult to enforce in 
practice, evidence of which is in the increasing numbers of introductions found in 
South African waters (Richardson et al. 2003). However, the main issue with this act 
is in the use of the term „release‟. This implies intentional introduction, not 
unintentional as it would be for biofouling, so it would need to be amended if it were 
to be legally binding. 
 
Biodiversity conservation 
In South Africa, the National Environmental Management Biodiversity Act (NEMBA 
2004) recognises the need to address individual citizens by providing guidelines. 
However, NEMBA has limited relevance to unintentional introductions, such as hull 
fouling, and mostly deals with blacklisted species, leaving loopholes for unlisted pests 
to continue entering the country. These prohibitions could quite easily be amended to 
cover introductions via hull fouling, as the legal framework could support 
enforcement. A list of 575 prohibited invasive species (which have invaded other 
parts of the world) was produced for public feedback in 2009, however, only four of 
these were marine species, in particular: 
- Asterias amurensis (northern Pacific starfish) 














- Eriocheir sinensis (Chinese mitten crab) 
- Undaria pinnatifida (Wakame seaweed) 
 
In addition to this, a list of known invasive species already established in South Africa 
was produced at the same time.  Only eight marine species were listed, despite there 
being 125 introduced and cryptogenic species currently recorded in South Africa 
(Mead et al. in press b). The list of eight was no doubt correct at the time it was 
drafted, but these figures are not static as the ecosystem is constantly in flux. In 
contrast, legislation tends to be updated with far less frequency (and ease). Ideally, 
this list should be reviewed every year, or whenever a publication indicates a new 
bioinvasion. There are many other species (known to have huge environmental and 
economic impacts elsewhere) that should be considered as potential invaders of South 
African shores. To address the likelihood of invasion by these problematic species, 
the biological climate of donor and recipient regions should be compared as discussed 
later in this chapter. 
 
Vector legislation 
In South Africa, there is currently no legislation directly regarding hull fouling. The 
South African Marine Pollution (Prevention Of Pollution From Ships) Act 2 of 1986 
(with several later amendments) applies to any ocean-going vessel in South Africa‟s 
EEZ, or any marine vessel travelling internationally, under the flag of South Africa. 
Originally developed to prohibit the release of oil, it also covers harmful substances. 
The latter is defined as “any substance, which, if introduced into the sea, is liable to 
create hazards to human health, to harm living resources and marine life, to damage 
amenities or to interfere with other legitimate uses of the sea, and includes any 
substance subject to control by the present Convention”. However, „substances‟ in 
this case appears to refer only to “noxious liquids”.  Although the legislation does not 

















3.3 International legislation currently applicable in South Africa 
General obligations 
One example of an international convention which enforces general obligations is The 
United Nations Convention on the Law of the Sea (UNCLOS) 1982. Article 196 
applies to the Exclusive Economic Zone (EEZ) of a nation and states that all 
participating parties must “prevent, reduce and control pollution of the marine 
environment resulting from …. the intentional and accidental introduction of species, 
alien or new, to a particular part of the marine environment, which may cause 
significant and harmful changes”. This is currently non-binding on South African 
citizens (and visitors to the country) as a result of inefficient domestic legislation, 
although the nation is party to the convention. 
 
Biodiversity conservation 
The Convention on Biological Diversity (CBD 1982) currently addresses the 
conservation of biodiversity through legally binding, as well as non-binding, 
obligations. For many of these international agreements, a country is required to ratify 
before it is held accountable. There are currently 193 countries party to the CBD, but 
only 168 of those have signed, South Africa being one of these (ratified in 1995). The 
Cartagena Protocol on Biosafety was developed in 2000 and South Africa is currently 
in the process of accession. The following obligations of the CBD regarding NIS are 
binding to South Africa (paraphrased by Hewitt et al. 2009):  
 Article 3: To ensure that activities within their jurisdiction or control do not 
cause damage to the environment of other States, or of areas beyond the limits 
of national jurisdiction. 
 Article 8(h): To prevent the introduction of, control or eradicate those alien 
species which threaten ecosystems, habitats or species. 
 Article 14.1: To ensure that the environmental consequences of its programmes 
and policies that are likely to have significant adverse impacts on biological 















In 2005, the Ad Hoc Technical Expert Group on Gaps and Inconsistencies in the 
International Regulatory Framework in Relation to Invasive Alien Species (AHTEG) 
reviewed the CBD and reported that the lack of implementation of national legislation 
was the biggest shortfall in tackling bioinvasions (Doelle et al. 2007).  
 
The Global Invasive Species Programme (GISP) supports Article 8(h) of the CBD.  
An international partnership with global strategies, it was founded by four partners, 
including the South African National Biodiversity Institute (SANBI). Its mission is 
“to conserve biodiversity and sustain livelihoods by minimising the spread and impact 
of invasive species”. It achieves this at national and regional levels by offering 
support and guidance in policy, awareness raising and the sharing of information 
between nations. GISP provide resources in the form of toolkits, guidelines and best 
practices. The manual, „Invasive Alien Species: A Toolkit for Best Prevention and 
Management Practices‟ (Wittenberg & Cock 2001) has been used extensively by 
managers around the globe in implementing management regimes. The GISP MIAS 
management training course has been applied in governments globally. More 
recently, the production of guidelines regarding the prevention and management of 
biofouling including a section on internationally plying yachts has been extremely 
useful (GISP 2008). 
 
In addition to this, the IUCN has also produced recommended Guidelines for the 
Prevention of Biodiversity Loss Caused by Alien Species (2000). These provide 
support to the CBD signatory parties and focus in particular on “strengthening the 




In terms of vector legislation, there are several non-binding international agreements 
which yacht-owners should be concerned with. Many of these were developed with 














international cruising.  
 
The International Maritime Organization (IMO) has several legal instruments which 
are related to shipping, such as the IMO Resolution A.868 (20) of 1997: Guidelines 
for the Control and Management of Ships‟ Ballast Water to minimize the transfer of 
Harmful aquatic Organisms and Pathogens. From this, the International Convention 
on the Control and Management of Ship‟s Ballast Water and Sediment 2004 (BWM 
Convention 2004) was developed. In this, Article 1, paragraph 8 defines “harmful 
aquatic organisms” as: “…….aquatic organisms or pathogens which, if introduced 
into the sea including estuaries, or into fresh water courses, may create hazards to the 
environment, human health, property or resources, impairment of biological diversity 
or interfere with other legitimate uses of such areas.‟‟ 
 
However, this convention has still not entered into force, as it requires a minimum of 
30 states, representing a minimum of 35% of world merchant shipping tonnage to do 
so (Roberts &Tsamenyi 2008). As of January 2011, only 27 states, representing 25% 
of world tonnage, had signed the agreement (www.imo.org).  
 
Despite all this, there is currently no international agreement that explicitly deals with 
biofouling (Hewitt et al. 2009). Several independent organizations (including the 
AHTEG in 2005) have been putting pressure on the IMO to develop a framework that 
would regulate this. As a result of this the IMO has formed the Biofouling 
Correspondence group to address the issue (DAFF 2010). They have already made a 
decision that pending regulations will not come as part of the BWM convention but 
rather a new legal instrument will be developed (IMO 2010). 
 
 
3.4 Biosecurity legislation enforced in other nations 
New Zealand and Australia, both countries renowned for their advanced biosecurity 














fouling of commercial and recreational yachts (those involved in international 
cruising).  
 
In order to act quickly and efficiently when required, it is essential to have strong 
legislation, with authority placed in one agency only, so that there are no delays in 
action. As awareness and impacts of bioinvasions increase, several nations have 
developed regulatory frameworks to address the issue. Australia, New Zealand and 
the United States now have official biosecurity teams that deal with the prevention of 
intentional and unintentional introductions of NIS.  
 
In Australia, the majority of marine bioinvasions fall under the Quarantine Act of 
1906, but the 1999 Darwin mussel outbreak led to the development of a National 
System for the Prevention and Management of Marine Pest Incursions (Hewitt & 
Campbell 2007). This assigns potential threats to vectors through RA and has detailed 
incursion response plans to deal with the pest as efficiently as possible (Hewitt et al. 
2009). In 2005, a project was launched by the Australian Quarantine and Inspection 
Service (AQIS)‟ to trial a „National Border Biofouling Protocol for Apprehended and 
International Vessels Less than 25 m in Length‟ (URS 2007). This trial period during 
which AQIS Seaport Officers inspected boats on arrival in a Port of Entry, proved 
successful (Appendix B). Initially, a waterline visual inspection was undertaken to 
determine the presence of primary or secondary fouling. Some of these yachts were 
then assessed further using a pole-mounted camera to access areas and niches which 
were less visible from the surface, such as the bottom of the keel, the propeller, rudder 
and seawater inlet and outlet ports. Following the success of the phase-in period, this 
protocol has become mandatory (URS 2007). 
 
New Zealand lays claim to the first legislation directly addressing bioinvasions. The 
Biosecurity Act of 1993 deals with pre-border and post-border management of 
unintentional introductions (Hewitt & Campbell 2007). In 1998, the New Zealand 














currently there is no enforced legislation regarding hull fouling in New Zealand, there 
are voluntary guidelines for vessels visiting areas of high biodiversity.  
 
The US Aquatic Nuisance Species Task Force was created to address the Aquatic 
Nuisance Prevention and Control Act of 1990. This is done through the Risk Analysis 
Review Process that involves both risk assessment and risk management (Orr 2003). 
Although there are no direct references to recreational vessels in the Act it could have 
this application. 
 
3.5 South African legislation of the future 
In order to maximize efficacy of the legal system, South Africa now needs to look at 
how the existing policies can be applied to vectors and pathways within the country 
and determine how best this legislation can be utilized. This may be through 
improved enforcement, or by amending agreements. Any gaps that are identified 
should be covered by new domestic legislation and supported by multi-lateral 
agreements (Reaser et al. 2003). Regional or national legislation is advantageous, in 
that it can be written to suit the circumstance. Also, decisions regarding policy 
changes can be made more quickly, without the need for international agreement 
(Doelle et al. 2007). Above all, legislation must be adaptive to react to the feedback 
from scientists and managers on the ground, with regular evaluation of the current 
regulations.  
 
South Africa would benefit hugely from a designated biosecurity team. There is a 
need within South Africa to develop prioritisation frameworks and design research 
projects to address policy issues. This project has taken a step in that direction, but is 
focussed on only one piece of the picture when it comes to MIAS. South Africa has 
been very involved in mitigating ballast water issues through an inter-ministerial 
committee, the development of draft policies (within Department of Environmental 
Affairs and Tourism as well as Department of Transport) and ratification of an 














government, the groundwork has been laid for further involvement in other MIAS 
vectors such as hull fouling. 
 
3.6 Management Strategies - Risk Assessment 
The aim of a risk assessment is to fulfill three goals: 1) identify the hazard, 2) 
quantify the risks involved, and 3) propose a management strategy (which is 
transparent and consistent) to deal with the risk (Hayes 2003). The management 
strategy should include pre-border, border and post-border management (Hewitt et al. 
2004). 
 
Identifying the hazard 
The risk analyst must choose between an inductive (model-based) or deductive 
(experience based) approach. Deductive approaches are more commonly used in 
biosecurity RA, as they are simple, based on historical records and rely on expert 
opinion. However, they can lead to a false sense of security, as the analyst thinks all 
the hazards have been identified. Inductive approaches, on the other hand, rely on 
rigorous models that are more complicated to run, but less biased and can be used to 
identify risks unidentified by the deductive method (Hayes 2003). An example of this 
is the fault tree analysis used in Australia‟s Quarantine and Inspection Services 
(AQIS) ballast water risk assessments (Hayes 2003). Fault tree analysis can identify 
all the hazards associated with an event by varying the combination and sequence of 
different events leading to the final event (in this case, establishment). The limited 
number of studies into the role of recreational yachts in MIAS transfer have focused 
only on hull fouling, whereas boats in freshwater ecosystems have been analysed 
more thoroughly (Johnson et al. 2001). If the comprehensive approach suggested by 
the authors were applied to ocean-going yachts, there would be five different vessel 
components to consider, namely the hull, deck, internal spaces, anchor and fishing 
gear. However, there are also limitations of the fault tree analysis. It is reliant on 
expert opinion and also does not take into account temporal aspects of invasions. As a 
result, it could be used as an initial framework on which to base quantitative RA in 














essence, it seems a good starting point to address the issue of yacht biofouling in 
South Africa. 
 
When conducting an RA for hull fouling (which could potentially transport multiple 
species at any one time), it is important to identify which NIS are most likely to be 
transported. However, this is dependent on good biological data for the species (as 
well as information on the pathway and destination). General risks involved with the 
species can be addressed by basing the RA on attributes of similar species or the 
functional group. However this introduces more uncertainty into the analysis and, as a 
result, a rigorous quantitative assessment becomes less feasible (Hayes 2003). Often a 
combination of quantitative and qualitative techniques are chosen, in order to reduce 
significant uncertainty, while keeping the analysis relatively simple, as demonstrated 
by the Globallast programme. However, by targeting certain species, a gap is left 
open for non-target species to enter unnoticed. A hierarchical RA (as in the AQIS 
ballast water approach) addresses the issue of data uncertainty by remaining 
conservative when data are scarce, as per the „precautionary principle‟ (Fairbrother & 
Bennet 1999) and only allowing progression to higher tiers as the information 
becomes available. 
 
Uniform application of an RA (where all vessels go through the same RA process) is 
simpler in terms of administration and does not require expert training. It also reduces 
the chance of unanticipated MIAS entering the country. Alternatively, voyage specific 
risk assessments (chosen based on the source bioregion) reduces the number of 
vessels which require assessment by selecting only those from high-risk regions. In 
Africa, where capacity is low, both voyage specific and uniform RA should be 


















Quantifying the risk 
Policies can be strengthened by focusing on pathways, in particular identifying 
species associated with a pathway and then calculating risks for each (Andow 2003, 
Orr 2003). 
 
An initial decision should be made as to whether the RA will be quantitative, 
qualitative or a combination of the two. Qualitative risk assessment is often subjective 
(Hayes 2003, Awad et al. 2004). It is, however, the simplest form of risk assessment, 
allocating low-, medium- and high-risk classification and this explains why it is so 
often used in management as the more practical option. Semi-quantitative ranking of 
risk is based on quantitative data with a ranking of results. However, the best 
approach (in term of quality of output, if all input is certain) is a Quantitative Risk 
Assessment, which provides a comprehensive analysis, but is reliant on thorough 
research and advanced technology to compute the overall risk. Quantification of the 
risk and consequences of an undesired event is essential. Inferences are made based 
on probability, but quantitative techniques are much less subjective than deductive 
techniques and as a result withstand scientific scrutiny (especially important when the 
risk is influenced by politics) (Hayes 2003). Despite this, few studies actually 
quantify the risk. One exception to the rule is the study by Drake & Lodge (2007) 
where 74 distinct taxa (comprised of 100-200 species) were identified fouling one 
transoceanic bulk carrier ship.  
 
However, despite all this, Simberloff (2006) believes that it is impossible to quantify 
fully the risks involved with non-intentional introductions, and that one can only 
identify the pathways that were risky in the past. He states that “quantified risk 
assessments are an illusion”, based as they are on ad hoc algorithms. This makes them 
seem weak under scrutiny. With intentional introductions under trade agreements, 
quantified RAs are an accepted necessity. Unintentional introductions are equally 
controversial, so in order to be guaranteed urgent action, the risks would have to be 















What is the appropriate RA for this situation? 
Predictive tools are needed to allow managers/yacht clubs to recognise (and quantify 
the risk associated with) high-risk vessels. The AQIS ballast-water risk-assessment 
framework (Figure 3.1) could be modified accordingly and trialed on South African 
marinas. The approach could be further developed by considering variations on the 
environmental parameters in terms of “higher”, “lower” etc, as demonstrated in the 
Hazard and Operability (HAZOP) analysis (Kletz 1986). This allows for a more 
creative outlook, which is not as limited as a fault-tree analysis (Hayes 2003). A more 
technical approach involves the use of fuzzy expert models (Acosta et al. 2010) that 
could be incorporated into risk analysis and assessment to strengthen policies. 
 
Figure 3.1. Summary of the AQIS ballast-water risk-assessment framework, showing the 















Risk assessments proved an extremely useful component of the Globallast programme 
in identifying those vessels that had travelled via high or low risk routes. This format 
will also be useful in allowing border control personnel to identify high risk vessels 
based on information provided by the yacht-owners (Hewitt & Campbell 2007). One 
of the indirect advantages of the Globallast programme was the training and 
development of a South African team highly skilled at completing Ballast Water Risk 
Assessment and a framework to work for similar surveys elsewhere in Africa (Awad 
et al. 2004). With limited additional training, this team of experts would be well 
poised to assess the high-risk travel routes of yachts and identify the source 
bioregions which must be prioritized by officials assessing arriving yachts.  
 
Risk assessment procedures need a clear endpoint to minimize misinterpretation by 
the managers who put the theory in to practice (Andersen et al. 2004). This will help 
to address the Research-Implementation gap, a long-standing phenomenon in science 
(Knight et al. 2008). Despite this, it is important for managers to recognize that 
although the aim of an RA is to stop the introduction of MIAS, it is highly unlikely 
that bioinvasions will be eliminated entirely. No matter how good the RA, there will 
always be MIAS arriving on South Africa shores. Reducing the strength of the 
pathway is still an acceptable outcome, although less desirable (Sharov 2004). An 
important part of the evaluation managers should undertake is to record which species 
(against all odds) succeed in invading and how they achieve this (Morley 1993). The 
more detailed records of these successful introductions or invasions, the easier it will 
become to manage bioinvasions in the future. 
 
3.7 Management Strategies - Border Control 
Hull assessment 
If hulls are not inspected on arrival, MIAS will keep entering the country unnoticed. 
This seems to conflict with the importance and funding allocated to regulating and 
treating ballast Water (Globallast 2010) So inspection of arriving yachts is an 
essential first step. Black lists are used especially in the import industry, to prevent 














they do also have their use in unintentional introductions. Black lists could be 
developed to detail and help identify known MIAS for training of quarantine and 
border control staff, as well as to educate yacht-owners on which are the most 
damaging fouling organisms. Caution is advised with species that do not feature on 
this list, as they are not by default guaranteed to be „safe‟ (IUCN 2000).  
 
Waterline inspections have potential in border control assessments of arriving vessels. 
There was a correlation between the ordinal rank scale determined from waterline 
inspections and the biomass of the biota collected (Spearman rank coefficient: 
=0.832, P<0.001) (Figure 3.2).  
 
Figure 3.2. Relationship between the total biomass of fouling organisms collected from each 
hull (using 15x15cm quadrats) and the fouling rank assigned from the waterline inspections. 
Bars represent minimum and maximum values and boxes show the first and third quartile, 
with median highlighted in the box. The outlier (labelled as 26) with a high biomass for a 
















Such inspections provide a quick and easy assessment technique (especially regarding 
checking effectiveness of FCC). However, waterline assessments have their 
limitations and this may be the cause of the similarity in mean fouling biomass of 
yachts ranked at level two and three. Sometimes the water visibility is too poor, while 
in some marinas, visual access to the hull is limited by the design of the wharf, or by 
the design of the yacht itself. However, where no secondary fouling is detected, 
confirmation (either by camera or by diver inspection) is essential (URS 2007). A 
random subset should be tested to evaluate the technique and ensure inspectors are 
following the same standards. In addition, in order to increase effectiveness, officials 
checking boats need to be provided with sufficient training (in classroom and field) 
and equipment (binoculars, field guide, polarized glasses). 
 
Hulls are often cleaned half-heartedly from the deck or jetty using a brush (personal 
observation). However, this only really targets the waterline and often areas lower on 
the hull are untouched, so in this case waterline inspections would not be 
representative of the overall fouling. False negatives (Type II error) are more likely to 
occur (20-40% of the time) with waterline inspections, where the inspector notes that 
there is no secondary fouling, when actually there is (URS 2007). Adopting the 
precautionary principle would minimize this kind of error and reduce the likelihood of 
bias (Fairbrother & Bennett 1999).  
 
There are many different methods for measuring the extent of fouling on an ocean-
going vessel. Many commercial ships have their hulls checked (for structural 
integrity, as well as biofouling) with hull cameras (Coutts & Taylor 2004; Cordell & 
Sosik 2009; Lee & Chown 2009). In Australia and New Zealand, similar technologies 
are now being employed for recreational yachts (Floerl et al. 2003, Bridgwood 2010). 
However, this equipment is expensive to purchase and maintain, and even more so if 
it is required at all ports of entry to the country. It is thus unlikely to be adopted as a 
standard for border control in South Africa in the near future. With this in mind, 
simpler and less expensive alternative measures of fouling extent (for example, 














Divers could be employed on a part-time basis (by marinas) to inspect boats 
immediately on arrival. Many divers are currently employed on a freelance schedule 
by marina managers to maintain the underwater surfaces of pontoons as well as by 
yacht-owners to clean vessel hulls, so the structure for such implementation is already 
established. The cost of this inspection could then be charged to the owner (with costs 
ranging from ZAR 500-1000 per hour). The length of inspection (and thus the 
associated costs) would be dependent on several factors such as accessibility, vessel 
size and shape and the extent of fouling. 
 
When boats are found to be carrying secondary fouling (which could contain MIAS), 
there are three management options, all of which have limitations. The vessel can be 
refused entry to the port, cleaned in water, or containment can be undertaken.  
 
Avoiding draconian management actions, such as a standard haul-out for all arriving 
yachts, will minimise complaints. This is especially crucial at busy times of year, with 
haul-out facilities only able to service a few yachts at a time. This is where the 
voyage-specific RA can be applied to prioritise those yachts arriving from high-risk 
bioregions. Also, tolerance of certain cosmopolitan species, which are already 
established and do not therefore represent a further risk, will help yacht-owners 
comply with regulations. For example, Enteromorpha beards and goose barnacles 
(which are normally considered secondary fouling) have now been designated as 
acceptable fouling by AQIS (URS 2007). Strict inspection regimes (which often fail 
and result in haul-outs), may also lead to higher propagule introduction as yacht-
owners realise it is more cost- and time-effective to simply arrive with a fouled hull 
and clean it once in country. The temptation simply to fake the documentation may 
also be too great for some cruisers who are living on a tight budget. However, there 
are logistical advantages involved in treating all macrofouling as unacceptable. It 
removes the need for taxonomically trained border control officials and limits the 
confusion surrounding discrimination between species in the pre-border identification 















Dry-docking immediately on arrival in the country could be the most suitable 
mitigation measure to reduce propagule pressure. However, removing boats from the 
water may not be the biosecurity panacea that everyone has been led to believe. Not 
only are the costs high (and usually at the owner‟s expense), but it has also been 
shown that mobile MIAS are often induced to release from the hull surface on 
removal from the water. The effect is greater on vessels with extensive fouling. Boats 
exhibiting secondary fouling lose up to 20% of total organisms. The majority of 
mobile species are released into the recipient environment within 30 seconds of being 
hauled out of the water (Coutts et al. 2010). This highlights the urgent need for 
improved retention and treatment facilities at haul-out locations (Woods et al. 2007). 
While turning boats away seems the simplest biosecurity solution, it does not address 
the problem and simply transfers it to another port. One low-cost solution could be the 
removal of the vessel to a freshwater location, such as a nearby river. Brock et al. 
(1999) found this to be extremely effective at removing fouling assemblages, with 
90% removal after nine days of exposure to freshwater. Alternatively, in-water 
encapsulation has proven to work well, whereby the vessel is wrapped in tarpaulin 
and some chemical e.g. chlorine is added (Coutts & Forrest 2007, Hopkins & Forrest 
2008, Coutts et al. 2010). The liquid containing MIAS must then be removed through 
filters without leaking into the surrounding environment. These techniques require 
further research, particularly as several nations (backed by the IMO) have proposed 
the implementation of mandatory regulations that would mitigate the introduction of 
MIAS by 2012 (Takata et al. 2006; Roberts & Tsamenyi 2008). 
 
Another alternative would be to limit the port residency time for heavily fouled 
vessels. The AQIS protocol originally allowed a period of seven days before action 
would be taken on a vessel (either quarantined or removed from port). However, this 
has been revised and changed to 24-36 hours for vessels that are carrying molluscs or 
other bivalves deemed to be a threat to local waters (URS 2007). This short time 
frame is dependent on the availability of a crane to haul out the yacht (a potential 
problem at busy times of the year). If this is impossible, all effort should be made to 


















Voluntary reporting of maintenance practices should be encouraged, as is now 
mandatory in the State of California (Takata et al. 2006). In particular, a vessel log 
(backed wherever necessary with receipts) should be provided with details of: 
 Last FCC application, including what type of FCC was used, where it was 
applied and whether it was done by the owner or a professional company 
 Travel history over the last 12 months (or if FCC is older than 12 months, all 
travel since the application) including ports of call, dates and duration of stay 
 Hull maintenance practices since last FCC application 
 
3.8 Acceptance by yacht-owners of potential management strategies 
Method 
Using the questionnaire methodology detailed in Chapter 2, 60 yacht-owners were 
asked to give their opinion on the following three potential management options, in 
terms of whether this should be considered for South Africa.  
 
1. International yachts should be checked by customs officials on arrival in 
the country and if necessary, cleaned in containment. This is currently 
practised in Australia as part of the „National Border Biofouling Protocol for 
Apprehended and International Vessels Less than 25 m in Length‟ (URS 
2007).  
 
2. Yachts departing internationally should be cleaned in-water before 
leaving South Africa, receiving a ‘Clean bill of health’ certificate. If the 














departed, the destination country could be assured that any growth detected on 
arrival was picked up en route.  
 
3. Anti-fouling paints should be re-applied annually as a component of the 
Certificate of Fitness. Yacht owners must comply with the South African 
Maritime Safety Authority (SAMSA) Certificate of Fitness, a mandatory 
checklist for yachts planning to leave the mooring and move into coastal 
waters (with different requirements depending whether this involves 
international or domestic travel). This annual certificate currently checks 
equipment on board to ensure the safety of crew and passengers in an 




The majority (67%) of respondents agreed that yachts arriving from international 
waters should be checked by customs officials on arrival at the South African Port of 
Entry and, if deemed to have a high level of fouling, the vessel should be removed 
from the water and cleaned at the owner‟s expense (Figure 3.3). 
 
Figure 3.3. Response by yacht-owners to the question “Should international yachts be cleaned 















The „clean bill of health on departure‟ scenario received the most support from 
respondents (Figure 3.4) with 70% (n=42) agreeing, of which 64% strongly agreed. 
However, some yacht-owners felt that international departures are always frantic, and 
that there is already too much existing paperwork to complete. Also, departure dates 
are often postponed at short notice, and concerns were expressed as to how this could 
be successfully accommodated into the system. 
 
 
Figure 3.4. Response by yacht-owners to the question “Should yachts leaving SA for 
international waters be cleaned in water, to obtain a clean bill of health?” 
 
Regarding the final proposal, 62% agreed with having the FCC checked on an annual 



























Figure 3.5. Response by yacht-owners to the question “Should FCC be applied regularly (or 




Although the first scenario received majority support from yacht-owners, it may be 
unacceptably expensive for some international cruisers. As bioinvasions are 
essentially a form of biological pollution, “the polluter pays” principle should be 
applied (Fairbrother & Bennet 1998). This provides an incentive for yacht-owners to 
maintain their boats and take responsibility for their actions, or in this case, inaction. 
The liability fine needs to be high enough to motivate the individual to mitigate the 
risk of MIAS introduction (Doelle et al. 2007). 
 
The „clean bill of health on departure‟ concept has a lot of potential, but would 
require international co-operation (from all potential source countries) to be 
successful. Defining a standard of cleanliness that is acceptable globally will prove 
challenging, but is not impossible, having been achieved for ballast water discharge 
(Roberts & Tsamenyi 2008). Cleaning the hull in-water would be a cheaper 
alternative than dry-docking to clean or re-paint. Research vessels returning from the 
Antarctic considered in-water cleaning procedures prior to departure to the high-risk 














a yacht were travelling through multiple countries on a rapid schedule, it would be 
impractical (and extremely costly) for the yacht to be slipped at every departure port. 
 
Although the SAMSA Certificate of Fitness currently regulates safety items only, it 
could be argued that biosecurity is indeed a safety concern. This certificate provides 
the basic framework for an additional item to be added regarding FCC condition. 
However, the Certificate of Fitness has already received mixed reactions, as many 
people believe that it is simply a moneymaking scheme, with untrained inspectors 
who insist on unrealistically high standards (personal observation). Associating 
marine biosecurity with such a controversial regulation may not be particularly wise, 
especially when considering how important this issue is, and the urgency of 
compliance. However, SAMSA is the regulatory body that carries out all IMO related 
inspections for the South African Department of Transport, and therefore as IMO is 
most likely to be regulating biofouling, it will fall within their mandate eventually. 
 
Several additional comments were made by respondents during the interview process. 
Many raised concerns about heavy-metal pollution. They recognised the need to paint 
their yachts with FCC regularly, but did not know how to balance this with the 
toxicity of the available paints. Support for further research and development of 
antifouling paints that are less toxic to the environment should be encouraged, along 
with investigation into the import of technology for in-water cleaning. 
 
Many respondents believed that commercial ships presented the biggest cause for 
concern (personal observation), as they represented a larger surface area and seemed 
to be free of the regulations applicable to recreational vessels. Some felt that the same 
standard should be applied to both commercial and recreational vessels, while others 
felt that the regulations for recreational vessels are already unnecessarily stringent. 
 
3.9 Communication strategy 
An outreach and education programme should be implemented to raise awareness 














public, especially amongst the younger generation. This could be undertaken through 
the presentation of a poster or a talk explaining the issue with emphasis on relevance 
to the stakeholders. In addition the construction of a website (such as the American 
site www.protectyourwaters.net) would encourage public participation with regular 
updates on confirmed sightings and a blog for members of the public to ask questions 
and post pictures of discoveries. 
 
Ultimately, the awareness raising should aim to demonstrate that the best solutions for 
mitigating introductions are also the best for the yacht-owners. With regular hull 
maintenance, the yacht will sail more efficiently, cost less in terms of upkeep 
(especially the long term costs), damage to the boat will be prevented and thus the 
resale value will also be higher. In addition to these direct benefits, there are also 
indirect benefits to the community as a result of improved ecosystem health. 
 
 
General hull maintenance 
With reference to the results of Chapter 2, yacht-owners should be presented with a 
recommended code of conduct. For example, the efficacy of different cleaning 
methods could be highlighted (Appendix C). In addition, owners should be 
encouraged to purchase the most suitable FCC for their sailing profile, taking into 
account speed, location and frequency of use, rather than basing their choice on cost 
alone. FCC should be applied as per the manufacturers guidelines, or even better, a 
professional vessel painting company should be employed for the job. The 
effectiveness of FCC can only be guaranteed for six months when owner-applied, in 
comparison to 12 months for professional application (URS 2007).  
 
In-water cleaning 
Yacht-owners should be encouraged to clean their boats in-water always in the 
departure port and never in the destination port itself, or in the vicinity of the port 
(URS 2007). Special attention should be paid to areas of the yacht which are 















Figure 3.6. Areas of the yacht susceptible to secondary fouling in addition to the hull surface 
itself, which should be targeted by yacht-owners for cleaning prior to departure for 
international waters (DAFF 2010). 
 
In-water cleaning ranges from the small (manual cleaning) to large scale. Most 
commonly on recreational vessels, the owner or a member of crew dives (with scuba 
or snorkel) under the vessel with sponge/scraper/brush/scourer. Floerl et al (2008) 
found that 80% of yachts that had been manually cleaned in the three weeks prior to 
surveying contained fouling organisms. On commercial vessels, diver-operated 
rotating brush cleaning systems are the norm. The efficacy of a Submersible Cleaning 
and Maintenance Platform (SCAMP) was tested on an extensively fouled obsolete 
commercial vessel in the USA. The results showed that although fouling was reduced 
following cleaning, there was still a substantial and diverse sample of organisms left 
on the ship (Davidson et al. 2008).  
 
In-water cleaning also raises concerns regarding the collection of paint waste and 
biofouling material. In 1997, the Australian and New Zealand Environment and 
Conservation Council (ANZECC) developed a code of practice to “prevent the release 
of toxic chemicals and biofouling organisms into the marine environment”. This is not 
an enforced standard across all jurisdictions however, and varies in applicability to 
recreational vessels. The majority of in-water cleaning techniques result in viable 
material being dropped to the sediment below or transported by currents (Hopkins & 
Forrest 2008). Even those systems that claim to retain biota are not completely 














fouling to drop to the sea floor (containing viable organisms), and become less 
efficient on vessels that are heavily fouled. In addition, there is a risk of divers 
accidentally removing fouling with their fins or ropes (Hopkins & Forrest 2008).  
 
Shore-based cleaning 
Although shore-based cleaning (via haul-out facilities) is generally a more expensive 
option (DAFF 2010), it should be encouraged, but only if it can be guaranteed that 
fouling organisms will be retained during removal from the water. Owners should be 
aware of what happens to the waste (fouling assemblages and paint remains) cleaned 
from the hull before re-application of the new coat. By asking questions about waste 
disposal, a demand for more environmentally friendly practices in the boat 














CHAPTER 4. SYNTHESIS & FUTURE RESEARCH 
 
4.1 Synthesis 
In conclusion, this study has shown that recreational yachts can act as vectors for 
MIAS found in the Western Cape. Based on waterline inspections in three marinas, 
62% of yachts exhibit secondary fouling, with the majority of biomass comprised of 
ascidians. The specimens identified (from both local South African and international 
vessels) contained MIAS, although none of these were new records for South Africa. 
There is a chance that these fouling organisms could add to the reservoirs in the 
marinas (on pontoons, piling and resident yacht hulls), or they could be transported 
across the country via local yachting excursions. Age of the FCC was correlated with 
biomass of fouling assemblages. This indicates that there are opportunities for yacht-
owners to assist in mitigation of the issue. However, awareness of MIAS was 
generally low within the yachting fraternity.  
 
Legislation regarding marine bioinvasions in South Africa is still in its infancy. 
Although no legislation exists globally to address hull fouling directly, there are 
several existing policies in South Africa that could be amended to control the 
introduction (and spread) of MIAS. South Africa is also party to several international 
conventions and treaties. For example, the current legal instruments of the IMO are in 
the process of being modified to address hull fouling which may be accepted by 2012. 
However, without reflection in national legislation, these international laws are not 
legally binding.  
 
Australia and New Zealand are world leaders in biosecurity. The Australian „National 
Border Biofouling Protocol for Apprehended and International Vessels Less than 25m 
in Length‟ is an exemplar protocol. South African yacht-owners should be 
encouraged to adopt „best practices‟ in terms of hull husbandry, undertaking the most 
effective in-water cleaning techniques wherever possible. These techniques would 














questionnaire. It is impractical to suggest that owners haul-out their boats in order to 
clean them manually, as these costs are too high to be incurred regularly.  
 
4.2 Future research  
Due to time constraints, the sample size for this study was limited. As the 
questionnaire included questions that varied in complexity, it seemed sensible to 
undertake face-to-face interviews, so that further explanation could be given if 
required. Also, as many people felt strongly about some of the issues raised, the 
facilitation and resulting completion of the survey was ensured by undertaking 
interviews in person. However, this limited the number of questionnaires that could 
be completed. Given more time, I would have liked to increase the sample size and to 
have included all major ports of entry to South Africa. This would allow for more 
comparisons between local and foreign vessels, for example, how the risk profile 
differs between international, domestic and local yachts.  
 
It would be very interesting to follow a yacht travelling internationally, and to collect 
samples from the hull at regular periods as it traverses bioregions. To characterise 
fully the risks involved in MIAS introduction via hull fouling, „high-risk‟ bioregions 
(Spalding et al. 2007) should be identified, in terms of route preference demonstrated 
by yacht-owners. Alternatively, a similar study could be undertaken along the coast of 
South Africa, which has nine different marine bioregions (Lombard 2004). This 
would give an idea as to the extent and need for action to deal with secondary spread 
of MIAS within South Africa.  
 
The study was also limited by taxonomic expertise. The species identified from biota 
collections were biased towards the specialities of taxonomists available at the time of 
















Chemical levels in the marina should be tested, along with an investigation into the 
efficacy of containment and drainage facilities at the marinas. Water quality 
parameters could be used as a means of controlling MIAS. Minchin and Gollasch 
(2003) argued that if water quality were improved in areas that had high TBT burden 
previously, this could potentially allow MIAS to spread further.  
 
All of the yacht clubs surveyed have recently been approached by the City of Cape 
Town with regards to obtaining a certain standard of sanitation. It is being considered 
as an element of the „Blue Flag Marina‟ global programme, requiring environmental 
education and management, water quality and various services. Awareness raising 
campaigns are urgently required, but should be followed by an evaluation study to test 


































Acosta, H. & Forrest, B.M. 2009. Recreational boating and the spread of marine non- 
indigenous species: a conceptual model for risk assessment. Ecological Modeling 
220: 1586–1598. 
 
Acosta, H., Wu, D. & Forrest, B.M. 2010. Fuzzy experts on recreational vessels, a 
risk modeling approach for marine invasions. Ecological Modeling 221: 850–863. 
 
Alzieu, C. 1998. Tributyltin: case study of a chronic contaminant in the coastal 
environment. Ocean and Coastal Management 40: 23-36. 
 
Andersen, M.C., Adams, H., Hope, B. & Powell, M. 2004. Risk Assessment for 
Invasive Species Risk Analysis 24: 787-793. 
 
Andow, D.A. 2003. Pathways-based risk assessment of exotic species invasions. In: 
Ruiz, G.M. & Carlton, J.T. (Eds). Invasive species. Vectors and management 
strategies. Washington, DC: Island Press. pp. 439-455. 
 
Apte, S., Holland, B.S., Godwin, L.S. & Gardner, J.P.A. 2000. Jumping ship: a 
stepping stone event mediating transfer of a non-indigenous species via a potentially 
unsuitable environment. Biological Invasions 2: 75-79. 
 
Arenas, F., Bishop, J.D.D., Carlton, J.T., Dyrynda, P.J., Farnham, W.F., Gonzalez, 
D.J., Jacobs, M.W., Lambert, C., Lambert, G., Nielsen, S.E., Pederson, J.A., Porter, 
J.S., Ward, S. & Wood, C.A. 2006. Alien species and other notable records from a 
rapid assessment survey of marinas on the south coast of England. Journal of the 
Marine Biological Association UK 86: 1329–1337. 
 
Ashton, G.V., Boos, K., Shucksmith, R. & Cook, E.J. 2006a. Risk assessment of hull 
fouling as a vector for marine non- natives in Scotland. Aquatic Invasions 1: 214-218. 
 
Ashton, G.V., Boos, K., Shucksmith, R. & Cook, E.J. 2006b. Rapid assessment of the 
















Awad, A., Clarke, C., Greyling, L., Hilliard, R., Polglaze, J. & Raaymakers, S. 2004. 
Ballast Water Risk Assessment, Port of Saldanha Bay, Republic of South Africa, 
November 2003: Final Report. GloBallast Monograph Series No. 13. IMO London. 
 
Bax, N., Hayes, K., Marshall, A., Parry, D. & Thresher, R. 2002. Man-made marinas 
as sheltered islands for alien marine organisms: Establishment and eradication of an 
alien invasive marine species. In Veitch, C.R. & Clout, M.N. (Eds.) Turning the tide: 
the eradication of invasive species. IUCN SSC Invasive Species Specialist Group. 
IUCN, Gland, Switzerland and Cambridge, UK 
 
Bax, N., Williamson, A., Aguero, M., Gonzalez, E. & Geeves, W. 2003. Marine 
invasive alien species: a threat to global biodiversity. Marine Policy 27: 313–323. 
 
Boshoff, A.F., Landman, M., Kerley, G.I.H. & Bradfield M. 2008. Visitors‟ views on 
alien animal species in national parks: a case study from South Africa. South African 
Journal of Science 104: 326–328.  
 
Brock, R., Bailey-Brock, J.H. & Good, J. 1999. A Case Study of Efficacy of 
Freshwater Immersion in Controlling Introduction of Alien Marine Fouling 
Communities: The USS Missouri. Pacific Science 53: 223-231. 
 
Bridgwood, S.D. 2010. Hull Camera: Preliminary Design and Testing of its use for 
Assessing Biofouling on Small (< 12 m) Recreational Vessels. Fisheries Research 
Report No. 200. Department of Fisheries, Western Australia. 16pp.  
 
Callow, M.E. & Callow, J.A. 2002. Marine Biofouling: a sticky problem. Biologist 
49: 1-5. 
 
Carlton, J.T. 1996. Biological invasions and cryptogenic species. Ecology 77: 1653-
1655. 
 














indigenous Marine Organisms Science 261: 78-82. 
 
Carlton, J.T. & Hodder, J. 1995. Biogeography and dispersal of coastal marine 
organisms: experimental studies on a replica of a 16th-century sailing vessel. Marine 
Biology 121: 721–730. 
 
Colautti, R.I., Bailey, S.A., van Overdijk, C.D.A., Amundsen, K., MacIsaac, H.J., 
2006. Characterised and projected costs of nonindigenous species in Canada. 
Biological Invasions 8: 45–59. 
 
Connelly, N.A, O‟Neill Jr., C.R., Knuth, B.A. & Brown, T.L. 2007. Economic 
Impacts of Zebra Mussels on Drinking Water Treatment and Electric Power 
Generation Facilities. Environmental Management 40: 105–112. 
 
Cordell, J., Sosik, E., Faulkner, M. & Scianni, C. 2009. Characterizing Risk 
Associated with Vessel Fouling and Non-indigenous Species in Prince William 
Sound. Report prepared for the Prince William Sound Regional Citizens  ́ Advisory 
Council. 
 
Coutts, A.D.M. 1999: Hull fouling as a modern vector for marine biological 
invasions: investigation of merchant vessels visiting northern Tasmania. Unpublished 
MSc thesis, Australian Maritime College, Launceston, Australia. 283 p.  
 
Coutts, A.D.M. & Forrest, B.M. 2007. Development and application of tools for 
incursion response: lessons learned from the management of the fouling pest 
Didemnum vexillum. Journal of Experimental Marine Biology and Ecology 342: 
154–162. 
 
Coutts, A.D.M. & Taylor, M.D. 2004. A preliminary investigation of biosecurity risks 
associated with biofouling on merchant vessels in New Zealand. New Zealand Journal 
of Marine and Freshwater Research 38: 215–229. 
 
Coutts, A.D.M., Valentine, J.P., Edgar G.J., Davey A., Burgess-Wilson, B. 2010. 














introduce mobile non-indigenous marine species. Marine Pollution Bulletin 60: 1533–
1540. 
 
DAFF. 2010. Review of biosecurity and contaminant risks associated with in-water 
cleaning. Commissioned by The Department of Agriculture, Fisheries and Forestry 
(DAFF). Prepared by The National Institute of Water and Atmospheric Research 
Limited (Floerl, O., Peacock, L., Seaward, K. & Inglis, G.) 
 
Darbyson, E.A., Hanson, J.M., Locke, A. & Willison, J.H.M. 2009. Marine boating 
habits and the potential for spread of invasive species in the Gulf of St. Lawrence. 
Aquatic Invasions 4: 87-94. 
 
Davidson, I.C., McCann, L.D., Sytsma, M.D. & Ruiz, G.M. 2008. Interrupting a 
multi-species bioinvasion vector: The efficacy of in-water cleaning for removing 
biofouling on obsolete vessels. Marine Pollution Bulletin 56: 1538–1544. 
 
Doelle, M., McConnell, M. & VanderZwaag, D. 2007. Invasive seaweed: law and 
policy responses. Botanica Marina 50: 438-450. 
 
Drake, J.M. & Lodge, D.M. 2007. Hull fouling is a risk factor for intercontinental 
species exchange in aquatic ecosystems. Aquatic Invasions 2: 121-131. 
 
Eno, N.C. 1996. Non-native marine species in British waters: effects and controls. 
Aquatic Conservation: Marine and Freshwater Ecosystems 6: 215–28. 
 
Evans, S.M., Leksono, T. & McKinnell, P. D. 1995. Tributyltin pollution: A 
diminishing problem following legislation limiting the use of TBT-based anti-fouling 
paints. Marine Pollution Bulletin 30: 14-21. 
 
Evans, S.M., Birchenough, A.C., Brancato, M.S. 2000. The TBT ban: out of the 
frying pan into the fire? Marine Pollution Bulletin 40: 204–211. 
 
Fairbrother, A. & Bennet, R.S. 1999. Ecological risk assessment and the 














Floerl, O. 2002. Intracoastal spread of fouling organisms by recreational vessels. PhD 
thesis. James Cook University, Townsville. 283 pp. 
 
Floerl, O. 2005. Factors that influence hull fouling on ocean-going vessels. 
Proceedings of a workshop on current issues and potential management strategies 
(Hull Fouling as a Mechanism for marine invasive species introductions): February 
12-13 2004, Honolulu, Hawaii. 
 
Floerl, O. & Inglis, G.J. 2003. Boat harbour design can exacerbate hull fouling. 
Australian Ecology 28: 116-127. 
 
Floerl, O. & Inglis, G.J. 2005a. Starting the invasion pathway: the interaction between 
source populations and human transport vectors. Biological Invasions 7: 589–606. 
 
Floerl, O. & Inglis, G.J. 2005b. Potential for the introduction and spread of marine 
pests by private yachts. Proceedings of a workshop on current issues and potential 
management strategies (Hull Fouling as a Mechanism for marine invasive species 
introductions): February 12-13 2004, Honolulu, Hawaii. 
 
Floerl, O., Inglis, G.J. & Hayden, B.J. 2003. Biosecurity „„HullCam‟‟. Ballast Water 
News 14:8. 
 
Floerl, O., Inglis, G.J. & Hayden, B.J. 2005a. A risk-based predictive tool to prevent 
accidental introductions of non-indigenous marine species. Environmental 
Management 35: 765–778. 
 
Floerl, O., Smith, M., Inglis, G., Davey, N., Seaward, K., Johnston, O., Fitridge, I., 
Rush, N., Middleton, C. & Coutts, A. 2008. Vessel biofouling as a vector for the 
introduction of non-indigenous marine species to New Zealand: Recreational yachts, 
Report prepared for MAF Biosecurity New Zealand, Research Project ZBS2004-03A. 
 
Floerl, O., Inglis, G.J., Dey, K. & Smith, A. 2009. The importance of transport hubs 















Floerl, O., Marsh, H.M. & Inglis, G.J. 2005b. Selectivity in vector management: an 
investigation of the effectiveness of measures used to prevent transport of non-
indigenous species. Biological Invasions 7: 459–475. 
 
Forrest, B.M., Gardner, J.P.A. & Taylor, M.D. 2009. Internal borders for managing 
invasive marine species. Journal of Applied Ecology 46: 46–54. 
 
Global Invasive Species Programme (GISP). 2008. Marine Biofouling: An assessment 
of Risks and Management Initiatives. Compiled by Lynn Jackson on behalf of the 
Global Invasive Species Programme and the UNEP Regional Seas Programme. 68 pp. 
 
Globallast 2010. http://globallast.imo.org/BallastWaterNews2_1.pdf Accessed 8th 
February 2010. 
 
Godwin, L.S. 2003. Hull fouling of maritime vessels as a pathway for marine species 
invasions to the Hawaiian islands. Biofouling 19: 123–131. 
 
Gollasch, L.S. 2002. The importance of ship hull fouling as a vector of species 
introductions into the North Sea. Biofouling 18: 105-121. 
 
Griffiths, C.L., Hockey, P.A.R., van Erkom Schurink, C. & le Roux, P.J. 1992. 
Marine invasive aliens on South African shores - implications for community 
structure and trophic functioning. South African Journal of Marine Science 12: 713-
722. 
 
Griffiths, C.L., Mead, A. & Robinson, T.B. 2009.  A brief history of marine bio-
invasions in South Africa.  African Zoology 44: 241-247. 
 
Griffiths, C.L., Robinson, T.B., Lange, L. & Mead, A. 2010. Marine biodiversity in 
South Africa: An evaluation of current states of knowledge. PLoS ONE 5(8): e12008. 
doi:10.1371/journal.pone.0012008. Accessed 8
th
 January 2011. 
 
Grosholz, E.D. 2002. Ecological and evolutionary consequences of coastal invasions. 














Hayes, K.R. 2003. Biosecurity and the role of risk assessment. In: Ruiz, G.M., 
Carlton, J.T. (Eds). Invasive Species: Vectors and Management Strategies. Island 
Press, Boca Raton, pp. 382–414. 
 
Hewitt, C.L. 2003. Marine biosecurity issues in the world oceans: global activities 
and Australian directions. In: Borgesse, E.M., Chircop, A. & McConnell, M.L. (Eds). 
Ocean Yearbook 17. University of Chicago Press. 
 
Hewitt, C.L., Willing, J., Bauckham, A., Cassidy, A.M., Cox, C.M.S., Jones, L. & 
Wotton, D.M., 2004. New Zealand Marine Biosecurity: delivering outcomes in a fluid 
environment. New Zealand Journal of Marine and Freshwater Research 38: 429–438. 
 
Hewitt, C.L. & Campbell, M.L. 2007. Mechanisms for the prevention of marine 
bioinvasions for better biosecurity. Marine Pollution Bulletin 55: 395–401. 
 
Hewitt, C.L., Gollasch, S. & Minchin, D. 2009a. The vessel as a vector – Biofouling, 
ballast water and sediments. In: Rilov, G. & Crooks, J.A. (Eds). Biological Invasions 
in Marine Ecosystems. Springer-Verlag, Berlin, Heidelberg. pp. 117-131. 
 
Hopkins, G.A. & Forrest, B.M. 2008. Management options for vessel hull fouling: an 
overview of risks posed by in-water cleaning. ICES Journal of Marine Science 65: 
811–815. 
 
IUCN Guidelines For The Prevention Of Biodiversity Loss Caused By Alien Invasive 
Species. 2000. SSC Invasive Species Specialist Group: 51st Meeting of the IUCN 
Council, Gland Switzerland, February 2000. 
 
IMO, 2001. International convention on the control of harmful antifouling systems on 
ships. International Maritime Organisation, London, UK. 
 
IMO 2010. Development Of International Measures For Minimizing The Transfer Of 
Invasive Aquatic Species Through Bio-Fouling Of Ships. Report of the 
correspondence group on the development of international measures for minimizing 














On Bulk Liquids And Gases 15th Session Agenda Item 9 (12
th
 November 2010). 
57pp. 
 
Johnson, L.E. & Carlton, J.T. 1996. Post-establishment spread in large-scale 
invasions: dispersal mechanisms of the zebra mussel Dreissena polymorpha. Ecology 
77: 1686-1690. 
 
Johnson, L.E., Ricciardi, A. & Carlton, J.T. 2001. Overland dispersal of aquatic 
invasive species: a risk assessment of transient recreational boating. Ecological 
Applications 11: 1789–1799. 
 
Johnston, E.L., Piola, R.F. & Clark, G.F. 2009. The Role of propagule pressure in 
invasion success. In: Rilov, G. & Crooks, J.A. (Eds) Biological Invasions in Marine 
Ecosystems. Springer-Verlag, Berlin, Heidelberg. pp. 133-151. 
 
Kletz, T.A. 1986. HAZOP & HAZAN: Notes on the Identification and Assessment of 
Hazards. The Institution of Chemical Engineers, Warwickshire, England. 
 
Knight, A.T., Cowling, R.M., Rouget, M., Balmford, A., Lombard, A.T. & Campbell, 
B.M. 2008. Knowing but not doing: selecting priority conservation areas and the 
research-implementation gap. Conservation Biology 22: 610–617. 
 
Le Maitre, D.C., van Wilgen, B.W., Gelderblom, C.M., Bailey, C., Chapman, R.A. & 
Nel, J.A. 2002. Invasive alien trees and water resources in South Africa: case studies 
of the costs and benefits of management. Forest Ecology and Management 160: 143-
159. 
 
Lee, J.E. & Chown, S.L. 2009. Temporal development of hull-fouling assemblages 
associated with an Antarctic supply vessel. Marine Ecology Progress Series 386: 97–
105. 
 
Leung, B., Lodge, D.M., Finnoff, D., Shogren, J.F., Lewis, M.A. & Lamberti, G. 
2002. An ounce of prevention or a pound of cure: bioeconomic risk analysis of 














Lewis, P.N., Riddle, M.J. & Hewitt, C.L. 2004. Management of exogenous threats to 
Antarctica and the sub-Antarctic islands: balancing risks from TBT and non-
indigenous marine organisms. Marine Pollution Bulletin 49: 999–1005. 
 
Locke, A. & Hanson, J.M. 2009. Rapid response to non-indigenous species. 1. Goals 
and history of rapid response in the marine environment. Aquatic Invasions 4: 237-
247. 
 
Lodge, D.M., Stein, R.A., Brown, K.M., Covich, A.P., Bronmark, C., Garvey, J.E. & 
Klosiewski, S.P. 1998. Predicting impact of freshwater exotic species on native 
biodiversity: 
Challenges in spatial scaling. Australian Journal of Ecology 23: 53-67. 
 
Lombard, A.T. 2004. Marine component of the National Spatial Biodiversity 
Assessment for the development of South Africa‟s National Biodiversity Strategic 
and Action Plan. National Botanical Institute. 101 p. 
 
Mack, R.N., Simberloff, D., Lonsdale, W.M., Evans, H., Clout, M. & Bazzaz, F.A. 
2000. Biotic invasions: causes, epidemiology, global consequences, and control. 
Ecological Application 10: 689-710. 
 
McEnnulty, F.R., Bax, N.J., Schaffelke, B. & Campbell, M.L. 2001. A review of 
rapid response options for the control of ABWMAC listed introduced marine pest 
species and related taxa in Australian waters. Centre for Research on Introduced 
Marine Pests Technical Report 23. CSIRO Marine Research, Hobart, Australia. 
 
Mead, A., Carlton, J.T., Griffiths, C.L.M. & Rius, M. In press (a). Revealing the scale 
of marine bioinvasions in developing regions. Biological Invasions. 
 
Mead, A., Carlton, J.T., Griffiths, C.L.M. & Rius, M. In press (b). Introduced and 















Minchin, D., Floerl, O., Savini, D. & Occhipinti-Ambrogi, A. 2006. Small craft and 
the spread of exotic species. The Ecology of Transportation: Managing Mobility for 
the Environment. Environmental Pollution 10: 99-118. 
 
Minchin, D. & Gollasch, S. 2003. Fouling and ships‟ hulls: how changing 
circumstances and spawning events may result in the spread of exotic species. 
Biofouling 19: 111–122. 
 
Mineur, F., Johnson M.P. & Maggs, C.A. 2008. Macroalgal Introductions by Hull 
Fouling on Recreational Vessels: Seaweeds and Sailors. Environmental Management 
42: 667–676. 
 
Morley, R.S. 1993. A model for the assessment of the animal disease risks associated 
with the importation of animals and animal products. Revue Scientifique et Technique 
de l‟Office International Epizooties 12:1055-1092. 
 
Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G.A.B., Kent, J. 2000. 
Biodiversity hotspots for conservation priorities. Nature 403: 853–858. 
 
National Environmental Management: Biodiversity Act (NEMBA) 2004. No. 10 of 
2004. The Republic of South Africa: government gazette. 43 pp. 
 
National Invasive Species Council (NISC). 2003. General Guidelines for the 
Establishment and Evaluation of Invasive Species Early Detection and Rapid 
Response Systems. Version 1. 16 pp. 
 
Northeastern Aquatic Nuisance Species Panel (NEANS) (2006) Implementing rapid 
response to aquatic nuisance species in the northeast: Key components of a successful 
program. Proceedings of a workshop, Portsmouth NH, May 3 2005. 24 pp. 
 
Nuñez, M.A. & Pauchard, A. 2009. Biological invasions in developing and developed 
countries: does one model fit all? Biological Invasions 12: 707-714. 
 














& Carlton, J.T. (Eds). Invasive species. Vectors and management strategies. 
Washington, DC: Island Press. pp. 415-434. 
 
Padilla, D.K., Chotowski, M.A. & Buchan, L.A.J. 1996. Predicting the spread of 
zebra mussels, Dreissena polymorpha, to inland waters using boater movement 
patterns. Global Ecology and Biogeography Letters 5: 353–359. 
 
Pimentel, D., Lach, L., Zuniga, R., & Morrison, D. 2000a. Environmental and 
economic costs of non-indigenous species in the United States. BioScience 50: 53-65.  
 
Pimentel, D., McNair, S., Janecka, J., Wightman, J., Simmonds, C., O‟Connell, C., 
Wong, E., Russel, L., Zern, J., Aquino T. & Tsomondo T. 2000b. Economic and 
environmental threats of alien plant, animal, and microbe invasions. Agric, Ecosyst, 
and Environ 84: 1-20. 
 
Piola, R.F., Dafforn, K.A. & Johnston, E.L. 2009. The influence of antifouling 
practices on marine invasions. Biofouling 25: 633-644. 
 
Pyefinch, K.A. 1950. Notes of the ecology of ship-fouling organisms. Journal of 
Animal Ecology 19: 29-35. 
 
Reaser, J.K., Yeager, B.B., Phifer, P.R., Hancock, A.K. & Gutierrez, A.T. 2003. 
Environmental diplomacy and the global movement of invasive alien species: A U.S. 
perspective. In: Ruiz, G.M. & Carlton, J.T. (Eds). Invasive species. Vectors and 
management strategies. Washington, DC: Island Press. pp. 362-381. 
 
Richardson, D.M., Cambray, J.A., Chapman, R.A., Dean, W.R.J., Griffiths, C.L., Le 
Maite, D.C., Newton, D.J. & Winstanley, T.J. 2003. Vectors and pathways of 
biological invasions in South Africa – Past, present and future. In: Ruiz, G.M. & 
Carlton, J.T. (Eds). Invasive species. Vectors and management strategies. 
Washington, DC: Island Press. pp. 292-349. 
 
Roberts, J. & Tsamenyi, M. 2008. International legal options for the control of 














Robinson, T.B., Griffiths, C.L.M., McQuaid, C.D. & Rius, M. 2005. Marine alien 
species of South Africa – status and impacts. African Journal Marine Science 27: 297-
306. 
 
Ruiz, G.M. & Carlton, J.T. 2003. Invasion vectors: a conceptual framework for 
management. In: Ruiz, G.M. & Carlton, J.T. (Eds). Invasive Species: Vectors and 
Management Strategies. Washington, DC: Island Press. pp. 459-504. 
 
Ruiz, G.M. 2005. Overview of Ships as Vectors for Invasions of Coastal Marine 
Habitats inthe United States. In: Managing Hull Transport of Aquatic Invasive 
Species. Jamie A. Gonzalez and Leigh T. Johnson (Editors). Proceedings of May 11, 
2005 Workshop in San Francisco, California. 
 
Savarese, J. 2005. Preventing and managing hull fouling: international, federal, and 
state laws and policies. Proceedings of the 14th biennial coastal zone conference. 
New Orleans LA. 
 
Secord, D. 2003. Biological control of marine invasive species: cautionary tales and 
land-based lessons. Biological Invasions 5: 117–131 
 
Sharov, A.A. 2004. Bio-economics of managing the spread of exotic pest species with 
barrier zones. Risk Analysis 24: 879-892.  
 
Shine, C., Williams, N. & Gündling, L. 2000. A guide to designing legal and 
institutional frameworks on alien invasive species. Cambridge UK: IUCN. 
 
Simberloff, D. 2006. Risk Assessments, Blacklists, and White Lists for Introduced 
Species: Are Predictions Good Enough to Be Useful? Agricultural and Resource 
Economics Review 35: 1–10. 
 
Spalding, M.D., Fox, H.E., Allen, G.R., Davidson, N., Ferdaña, Z.A., Finlayson, M., 
Halpern, B.S., Jorge, M.A., Lombana, A., Lourie, S.A., Martin, K.D., Mcmanus, E., 
Molnar, J., Recchia, C.A. & Robertson, J. 2007. Marine Ecoregions of the World: A 














Sterngold, A., Warland, R.H. & Herrman, R.A. 1994. Do surveys overstate public 
concerns? Public Opinion Quarterly 58: 255–263. 
 
Takata, L., Falkner, M. & Gilmore, S. 2006. Commercial Vessel Fouling in 
California: Analysis, Evaluation, and Recommendations to Reduce Nonindigenous 
Species Release From the Non-Ballast Water Vector. California State Lands 
Commission Report, Marine Facilities Division, April 2006, 76pp. 
 
URS Australia Pty Ltd 2007. Review and Evaluation of the Biofouling Protocol for 
Vessels Less than 25 m in Length. General review prepared for Australian Quarantine 
and Inspection Service. April 2007, 149 pp. 
 
Valery, L., Fritz, H., Lefeuvre, JC, Simberloff, D. 2008. In search of a real definition 
of the biological invasion phenomenon itself Biological Invasions 10:1345–1351. 
 
Vischer, J.P. 1928. Nature and extent of fouling of ships‟ bottoms. Bulletin of the 
bureau of fisheries 43: 193-252. 
 
Vitousek, P.M., Mooney, H.A., Lubchenco, J. & Melillo, J.M. 1997. Human 
domination of Earth‟s ecosystems. Science 277: 249–299. 
 
Wasson, K., Zabin, C.J., Bedinger, L., Diaz, M.C. & Pearse, J.S. 2001. Biological 
invasions of estuaries without international shipping: the importance of intraregional 
transport. Biological Conservation 102: 143-153. 
 
Wilcove, D.S., Rothstein, D., Dubow, J., Phillips, A. & Losos, E. 1998. Quantifying 
threats to imperiled species in the United States. BioScience 48: 607-15. 
 
Wittenberg, R. & Cock, M.J.W. (eds.) 2001. GISP Invasive Alien Species: A Toolkit 
of Best Prevention and Management Practices. CAB International, Wallingford, 
Oxon, UK, xvii - 228. 
 
Wonham, M.J., Walton, W.C., Ruiz, G.M., Frese, A.M. & Galil, B.S. 2001. Going to 














Ecology Progress Series 215: 1–12. 
 
Woods, C., Floerl, O., Fitridge, I., Johnston, O., Robinson, K., Rupp, D., Davey, N., 
Rush, N., Smith, M., 2007. Evaluation of the Seasonal Efficacy of Hull Cleaning 
Methods, Biosecurity New Zealand Technical Report, 118p. 
 
Yebra, D.M., Kiil, S. & Dam-Johansen, K. 2004. Antifouling technology – past, 
present and future steps towards efficient and environmentally friendly antifouling 






































APPENDIX A. YACHT-OWNERS QUESTIONNAIRE 
 
This questionnaire is part of a student project being undertaken at the University of 
Cape Town, South Africa. My research aims to analyse the traffic patterns of 
recreational yachts (Domestic and International) into and within South Africa. 
Maintenance of hulls will be investigated to assess extent of biofouling, as a potential 
vector for the introduction of marine invasive alien species (MIAS).  
Where several options are given, please circle the appropriate answer. 
 
Date: ________________________ 
Yacht club & yacht name: __________________________ 
 
 
General information and vessel maintenance 
a. Where is the home marina/port/country of the yacht? _______________________ 
 
b. Age of current anti-fouling paint (months)?  
none 0-2 m 2-4 4-6 6-8  8-10  10-12  12-14 14-16  16-18  18-20 >20 
 
c. Who applied the paint? 
yourself a member of the crew a professional company 
 
d. How is it applied? 
roller brush spray painted 
 
e. Do you manually clean (by scraping/brushing) the hull in between antifoul 
applications?  















f. What do you use for this? 
sponge scraper brush high-pressure hose abrasive scourer Other 
 
g. Where do you manually clean your yacht? 
In the water Dry dock / on the slip 
 
h. How long has it been since the last manual hull clean (months)?  
 
 
Travel history (past 12 months) 
 
a. What is the purpose of your yachting?  
Cruising Racing Business Other 
 
b. Location of other marinas visited (other than home) (rank in order with i. 
being the most recent). Please also indicate time spent moored in each marina (days) 
and how long ago this was. 
 
Location    Duration  Approx. date 
i.  ___________________________  ____________      ___________ 
ii.  ___________________________  ____________ ___________ 
iii. ___________________________  ____________      ___________ 
iv.  ___________________________  ____________ ___________ 
v. ___________________________  ____________ ___________ 
vi. ___________________________  ____________      ___________ 
vii.  ___________________________  ____________ ___________ 
viii.   ___________________________  ____________ ___________ 
ix. ___________________________  ____________      ___________ 
x.  ___________________________  ____________ ___________ 
 
c. Number of days spent sailing over last year? _________________ (/365) 
 















Future travel plans (for the following 12 months) 
 
Proposed future ports of call (please rank in chronological order with i. being the 
closest in time). Please also indicate approx. duration of stay planned in each port 
(days). 
 
Location      Duration  
i. _______________________________________      ____________ 
ii.  _______________________________________ ____________ 
iii. _______________________________________      ____________ 
iv.  _______________________________________ ____________ 
v. ________________________________________     ____________ 
vi.  _______________________________________ ____________ 
vii. _______________________________________      ____________ 
viii.  _______________________________________ ____________ 
ix. _______________________________________      ____________ 




Value of hull maintenance and IAS 
An Invasive Alien Species (IAS) is one which is introduced from one country to 
another and then becomes established in the destination country. 
 
a. Can you give me an example of an IAS which has been transported outside of its 
natural range anywhere in the world?  __________________________ 
 



















c. How do you feel about the following statements? 
 
The introduction of marine IAS has a positive effect on local flora and fauna. 
Strongly disagree Disagree Don't know Agree Strongly agree 
 
The introduction of marine IAS has a negative effect on local flora and fauna. 
Strongly disagree Disagree Don't know Agree Strongly agree 
 
Introduction of marine IAS has economic impacts on the destination country. 
Strongly disagree Disagree Don't know Agree Strongly agree 
 
Introduction of marine IAS has social and cultural impacts on the destination county. 
Strongly disagree Disagree Don't know Agree Strongly agree 
 
d. In terms of frequency of hull maintenance, please rank the following factors in 
order of importance to you: 
 
Fuel efficiency   
Very unimportant Unimportant Impartial Important  Very important 
 
Cost 
Very unimportant Unimportant Impartial Important  Very important 
 
Speed 
Very unimportant Unimportant Impartial Important  Very important 
 
Aesthetics 















Preventing damage to the hull, motor and propellers  
Very unimportant Unimportant Impartial Important  Very important 
 
Preventing introduction of marine AIS 
Very unimportant Unimportant Impartial Important  Very important 
 
Other (please specify)  _____________________________________ 
Very unimportant Unimportant Impartial Important  Very important 
 
 
i.  How do you feel about the following hypothetical mitigation measures, which 
could potentially   alleviate the problems with marine IAS introduced by 
recreational yachts? 
 
International yachts should be checked by customs officials on arrival in the country 
and if necessary, cleaned in containment. 
Strongly disagree Disagree Don't know Agree Strongly agree 
 
Yachts departing internationally should be cleaned in water before leaving South 
Africa, receiving a „Clean bill of health‟. 
Strongly disagree Disagree Don't know Agree Strongly agree 
 
Anti-fouling paints should be re-applied annually as a component of the Certificate of 
Fitness. 
















AQIS checklist for arriving international and apprehended vessels <25m (URS 2007). 















Recommended hull maintenance practices (URS 2007) beginning with the most 
efficient in terms of reducing MIAS introductions. 
 
Cleaning by Haul-Out: 
(i) Haul-out, cleaning and FCC application, with appropriate type and number of 
 coatings applied to fast-wearing surfaces and niches (waterline/boot topping, 
 rudder, behind anodes, seawater ports, propeller, shaft, keel foot); 
(ii) Haul-out, cleaning and FCC application without specific attention to fouling-
 prone areas; 
(iii) Haul-out and cleaning by power-assisted methods (for hard or semi-hard 
 burnishable FCCs or self-polishing copolymer FCCs with adequate remaining 
 lifespan). 
(iv) Haul-out and cleaning by wiping/rubbing (for fouling release and semi-hard 
 non-burnishing coatings). 
 
In-Water Cleaning: 
(v) Using SCUBA for in-water wiping/rubbing/scrubbing (according to FCC  type) with 
particular attention and scrapers applied to uncoated fittings and other niches. 
(vi) Using snorkeling for the above (likely to be less effective for deep-drafted yachts 
with niches below 2 m and keel below 3 m, depending on snorkeling  skill and gear). 
(vii) As above (vi, vii) but with no particular attention paid to finding or cleaning 
 niches.  
(viii) Waterline and hull side rubbing or scrubbing from a dinghy using long handled 
 brushes.  
(ix)  Deck-based use of long handled brushes to clean boot toppings and upper hull sides. 
 
 
